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1. Introduction

The Repetitive Electromagnetic Pulse Simulator (REPS) is a trans-
portable, sub-threat-level, electromagnetic pulse (EMP) simulator.
REPS is basically a free-field-radiating, 300-m “longwire” dipole an-
tenna, which is driven in the center by a 1-MV (nominal) pulse gen-
erator. REPS was built in 1973 for Harry Diamond Laboratories
(HDL)" by the Physics International (PI) company to simulate the
electromagnetic (EM) environment produced by an exoatmospheric
nuclear burst on ground-based military systems. This report docu-
ments the time-domain EM environment that is produced by REPS.

At the time that REPS was developed, it was not feasible to perform
an extensive mapping of the REPS EM environment because of the
simulator’s intensive testing schedule. Early documentation of its
performance consisted of selected field measurements intended to
verify the design characteristics of the simulator or measurements
taken at specific field locations required by the various tests in
which the REPS was used.

This report details the most extensive field mapping of the REPS
field environment, performed in August 1988 to support the Army’s
High-Altitude Electromagnetic Pulse (HEMP) Department of De-
fense (DoD) Standards and Specifications Program (DSSP).

In addition to documenting the time-domain EM environment pro-
duced by REPS, this report examines the mechanisms and environ-
ment in which the data were collected. An in-depth theoretical
description into the waveform structure will not be addressed.
However, E. L. Patrick [1] gives a thorough explanation of the wave-
form structure (inclusive of the complex ground reflections) gener-
ated by a horizontally polarized longwire dipole antenna system
very similar to that of REPS.

*Now part of the Army Research Laboratory (ARL).




2. Simulator

2.1

Figure 1. Repetitive
Electromagnetic Pulse
Simulator (REPS)
erected at Camp
Parker, CA.

REPS History

REPS was constructed by P in June 1973. A series of acceptance tests
were immediately performed at Camp Parker, CA, to verify and op-
timize the pulser and antenna systems. These tests were completed
in February 1974. Figure 1 shows REPS while in operation at Camp
Parker. Following these acceptance tests, REPS was transported di-
rectly to North Dakota to support the Safeguard anti-ballistic missile
system tests. Throughout 1975, REPS was used exclusively for a test
at the Safeguard site. When this test was over, REPS was returned to
PI for storage. In April 1976, REPS was shipped to the ARL
Woodbridge Research Facility (WRF) and set up at the WRF “stag-
ing area” (fig. 2). Field mapping measurements [2] were conducted
to verify its performance and characteristics and to support its
future use on the Defense Nuclear Agency’s Program for EMP Test-
ing (PREMPT) test on the ESS-1 Automatic Voice Network
(AUTOVON) switch at Pickens, MS. At the completion of these
measurements at WRF in July 1976, REPS was used in a test at
Pickens, MS, from August through October 1976. At the completion
of this test, REPS was returned to PI for extensive refurbishment.




In October 1977, after being refurbished, REPS was returned to
WREF, where it was used to support numerous HEMP tests. In May
1980, REPS was set up at its present location at WREF to provide ex-
tensive support to the Generic Verification Facility test program.

In August 1988 the REPS was used to support the Army’s DSSP.
This program required an extensive description of the EM environ-
ment produced by REPS for use in later program activities. The field
mapping measurements taken for this program are the basis for this
report.

o
%

S N R

ﬁ\ X
K

; Present
./ location -

Figure 2. Woodbridge Research Facility (WRF) layout showing current and past locations for REPS.




2.2

2.2.1

Figure 3. REPS pulser
cross-sectional view.

10

REPS Simulator

Simulator Description

REPS is basically a free-field-radiating, 300-m longwire dipole
antenna, which is driven at the center by a 1-MV (nominal) pulse
generator.

The REPS pulse generator (fig. 3) consists of a 16-stage Marx genera-
tor, a gas-insulated peaking capacitor (to produce the required fast-
rising current that the Marx generator cannot provide because of its
large series inductance), and a self-breakdown, single-channel output
switch. REPS can launch a single-event pulse on demand or be oper-
ated repetitively at a pulse rate of one pulse every 15 seconds [3].

These components are housed within fiberglass vessels contained
between two aluminum biconical feed sections. These feed sections
allow a smooth electrical transition for the launched high-voltage
pulse from the output switch to the late-time antenna cage. Each
bicone is 9 ft in diameter at its base, and has a half-angle of 32 deg.
The late-time antenna, constructed of 18-14-in. steel aircraft cables
equally spaced around 9-ft-diameter aluminum hoops, guides the
current pulse from the source to the terminations found at each end
of the antenna. The overall length of the antenna is 300 m, with the
pulser located at the center of the antenna. Normal elevation of the
pulser and antenna is 15 m. The last 50 m of each end of the antenna
slants downward from the normal 15-m elevation to 1.3 m above
ground. The diameter of the antenna is also reduced in this region
from its normal 9-ft diameter to an 18-in. diameter at the antenna’s

Late-time antenna {18 wires)
Bicone (32" half angle)
Fiberglass Marx vessel
/ SFg gas (5 psig)
J:\ // s Electrical slip joint ———
! /

/ Peaking capacitor
/ SF¢g gas (50 psig)

/Bicone

N, gas (35 psig)
Switch (mechanically adjustable) ]
Fiberglass pressure vessel
14 ft 10 in.
19t 2 in:




Figure 4. REPS
antenna endome earth
ground: (a) side view
and (b) top view.

end to keep the impedance of the downward sloping portion of the

antenna constant.

Each end of the antenna is terminated to earth ground through a
matched resistive load consisting of two series resistor strings whose
total resistance is 180 Q (fig. 4(a)). The terminating resistors are at-
tached to a grounding plate that is buried approximately 1 ft below
ground. Connected to this plate are three aluminum strips, each 3 in.
wide and 20 ft long, which radiate outward horizontally from each

plate (fig. 4(b)).

(a)

y

Antenna wires

Endome for REPS antenna

Resistor string
/ (4.5 Q@ x 20) each

1.3m
Ground stake
r Earth
56m 0.25m /
0.38m
Ground strap
4 6.2m
0.36m
6.6m :\\
a— Ground strap
// W«
Grounding plate —" © //
e 77
]
~-66m
66m \\:
i
76 mm
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2.2.2

The antenna cage and pulser are supported with a system of wood
telephone poles and cross beams. All poles are guyed with fiberglass
rods that are attached to buried concrete anchor blocks.

All pulser operations are controlled from a command and control
(C?) trailer through a set of hydraulic, pneumatic, and optical con-
trol lines. Located within the C2 trailer are the pulser operating con-
trols and the hydraulic and gas support systems, as well as the out-
put field-level monitoring system.

Pulser Output Field Monitoring System

Although the pulser output waveform is generally controlled by the
charged Marx voltage, several factors can cause the amplitude of the
output pulse to vary or drift. Field variation can be attributed to
such factors as jitter in the self-breakdown output switch or drifting
gas pressures within the pulser.

To account for any pulse-to-pulse variation, each output pulse is
monitored using a permanently mounted reference sensor. The out-
put monitor is an EG&G MGL-2 B-dot sensor located 15 m from the
pulser at a height of 3.66 m. The output of the B-dot sensor is elec-
tronically integrated to give the incident magnetic field.

It is convenient to convert the magnetic field measured at the B-dot
sensor location to the incident E-field at a distance of 50 m from the
pulser (since the incident E-field must be well defined within the
REPS test volume whenever HEMP testing is performed on military
systems). The equations used to reduce the recorded B-dot to the in-
cident E-field at 50 m are given in appendix A. Figure 5 shows a
typical B-dot waveform. Each B-dot waveform is recorded with an
automated monitoring system comprising a fiber-optic data link, a
Tektronix (TEK) 7912 transient digitizer, and a Digital Equipment
Corporation (DEC) PDP 11/23 computer, to control the optics and
TEK 7912, as well as to process and save the recorded output pulse.
A more detailed description of the B-dot monitoring system can also
be found in appendix A.

Although the design specifications for the REPS pulser allow a shot-
to-shot variability of 10 percent, the actual shot-to-shot variability is
much better. Figure 6 shows an overlay of three consecutive B-dot
measurements, which vary by approximately 4 percent. Shot-to-shot
variations of this order were typical of the entire field-mapping
effort.




Figure 5. Typical #2]
pulser output 1
monitor waveform. 08 7
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3. REPS Test Volume

3.1

Figure 7. Coordinate
system for REPS field

mapping.
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Field-Mapping Coordinate System

The total electric and magnetic fields generated by REPS are defined
in terms of the three Cartesian coordinates centered on the earth di-
rectly beneath the REPS pulser.

For REPS, the coordinates (see tig. 7) used to locate a measurement
point in the test volume have their origin on the ground at a point
directly below the center of the biconical pulse launcher.

The z-axis passes through the center of the bicone and is perpendicu-
lar to the ground. The x-axis is parallel to the ground and coplanar
with the axis of the antenna structure. The y-axis is parallel to the
ground and perpendicular to the antenna axis. The y-axis is referred
to as the centerline.

Specific points in this coordinate system are designated by the nota-
tion +x/+y/z. For an observer on the west side of the antenna, +x
would be to the left (north) as you face the simulator (refer to fig. 7),
+y would be along the centerline pointing away from the simulator
(west), and z would be straight up.

<+——N

Equatorial plane N
X - -
H, f E.
Center line
H, Y E,

H, E,




3.2

3.3

34

Figure 8. Test point
location grid in
relation to REPS
antenna.

Locating Test Points

Prior to any field mapping, we surveyed the southwestern quadrant
of the REPS test volume and placed stakes at 25-m intervals, creating
a rectangular grid (fig. 8). The origin of the grid was also the origin
of the mapping coordinate system. We also staked two equidistant
arcs at 50- and 85-m distances from the grid origin. The entire grid
was located using a surveyor’s transit.

Test Volume Topography

Figure 9 shows the test point location grid overlaid on a topographi-
cal map of the REPS test volume [4]. As can be seen, much of the
southwestern quadrant of the REPS test volume is reasonably flat to
an off-axis range of approximately 100 m.

Ground Constants

The net EM fields measured at a point above ground are the summa-
tion of the incident and ground reflected waves. Reflection coeffi-
cients (and therefore the reflected waves) are complicated functions
of frequency, angle of incidence, and the ground dielectric constant
and conductivity. Table 1 lists the values to be expected within the
REPS test volume for these variables. They are based on measure-
ments conducted in 1980 by the National Institute for Standards and
Technology (NIST) for a previous test [5].

V4
7

b — X ——lz —
o B-dot

— e >< 25m 50m >—

Origin _/‘
- X 25m ® ® X X ]
X
18/33
- X X som b3y X X X ¥
— >< —

pad X = 1-m height
0 = 2-m height

| I l ] l
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Figure 9. Topological
map of REPS test
volume.

Table 1. Dielectric
constant and
conductivity of REPS
soil.
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Received
Frequency moisture Dielectric Conductivity o/we*
(MHz) content (%)  constant (mmho/cm)
6-in. depth
0.50 7.39 15.9 0.0065 1.47
0.75 7.39 133 0.0079 1.42
1.00 7.39 12.4 0.0090 1.31
50.0 7.39 6.15 0.0420 0.246
100.0 7.39 5.77 0.0542 0.169
150.0 7.39 5.55 0.0632 0.137
Surface
0.50 5.19 18.5 0.0066 1.28
0.75 5.19 15.7 0.0079 1.21
1.00 5.19 13.8 0.0091 1.19
50.0 5.19 5.68 0.0499 0.316
100.0 5.19 5.20 0.0668 0.231
150.0 5.19 4.95 0.0800 0.194
*o = conductivity

w
€

radian frequency
permittivity
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Figure 10. Test point
locations used for
symmetrical
comparisons.

Test Point Determination

As stated earlier, the 1987 mapping effort was in support of the
DSSP program. For this reason, the majority of the test point loca-
tions were dictated by the requirements of the DSSP.

The field-mapping objectives for the DSSP can be summarized as
follows: (1) characterize a majority of the REPS EM environment at a
height of 1 m, (2) characterize that region of the REPS test volume
within the bicone angle of the pulser at a height of 2 m, and (3) char-
acterize the uniformity of the expanding wavefront launched from
the pulser at two distances.

The specific test points chosen to accomplish these objectives are dis-
played in figure 8. Specific test points necessary to accomplish the
third field-mapping objective will be covered in section 6.1.

The actual number of testpoints used to define the electromagnetic
tields produced by REPS was minimized by taking advantage of the
expected field symmetry about the centerline, as well as about the
simulator’s antenna axis. In this way, we could locate the majority of
the testpoints in one quadrant. We verified the symmetry by com-
paring the fields measured at symmetrically located test points
about the centerline (e.g., 50/50/1 and -50/50/1), as well as about
the antenna axis (0/50/1 and 0/-50/1). Testpoints locations used
for symmetry comparisons are shown in figure 10.

Le Cement —
pad
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4. Instrumentation
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Field Sensors

All of the field data presented in this report were recorded with
ground-plane electric and magnetic field sensors built for HDL by
the Stanford Research Institute (SRI) [6]. Both the electric and mag-
netic field sensors are mounted on a 0.218-m circular (8-V4-in.) alu-
minum plate that provides both a finite ground plane and a mount-
ing surface for the sensors. These sensors are then mounted on an
aluminum cylinder approximately 0.254 m (10 in.) long with a diam-
eter of 0.167 m (6-%% in.). We chose the dimensions of this cylinder to
allow the electric and magnetic field sensors to be mounted on the
metallic cylinder without serious sensor modification, and to house
and electromagnetically shield the transmitter portion of the fiber-
optic data link, small signal amplifiers, power supply, and coaxial
cables associated with the collection of field data.

Since this metallic cylinder is now an integral part of the sensor, we
had to examine and characterize the effect that the metallic cylinder
had on the measurement of EM fields, so that its effect could be re-
moved (see app. B).

E-Field Sensors

Four different series of E-field sensors of decreasing sensitivities
were used during this effort, to measure the wide range of field
strengths found within the REPS test volume. Each sensor is a
capacitively loaded monopole, connected to a built-in unity-gain
preamplifier that provides an input impedance of 10 MQ, shunted
by a total of 10.5 pF and a low output impedance to drive
50-€2 signal cables. The 3-dB bandwidth for all of the sensors is 0.005
to 160 MHz, which is determined by the preamplifier [7].

H-Field Sensors

Only one type of H-field sensor was used to cover the H-field
strengths encountered during this mapping effort. This sensor con-
sists of a semicircular, shielded half-loop coaxial cable. The half-loop
has an outer diameter of 2.25 in. and is made of UT-141A 50-Q semi-
rigid miniature coaxial cable. Within the sensor, a Tektronix CT-2
current probe was used to measure the short-circuit current induced
on the loop’s inner conductor. The shield on this cable is connected
to the ground plane at one end and gapped at the other to minimize
electric field coupling. These H-field sensors have a bandwidth of
90 kHz to 200 MHz [7]. The sensor is protected by a white plastic




4.2

4.3

Table 2. Calibration
factors for sensors
used during test.

cover, which is marked with an arrow indicating the field direction
needed for a positive output voltage.

Appendix B describes how each sensor/cylinder was positioned to
assure the proper and consistent measurement of each field
component.

Sensor Calibration

All of the sensors used during this effort were calibrated to obtain an
accurate measurement of both the magnitude and frequency re-
sponse of the sensor’s transfer function (which is simply defined as
the ratio of applied field strength to sensor output voltage). Because
all of the mapping data are recorded in the time domain, it is impor-
tant that these sensors possess a flat frequency response over the fre-
quency spectrum of the EMP pulse so that one scaling factor can be
chosen to represent the entire frequency response. In this way, the
pulsed data could be scaled by a single number instead of a
frequency-dependent function. The scaling factors for each sensor
(including metallic cylinder effect) are summarized in table 2. The
frequency response for each of the sensors used for this mapping ef-
fort, together with a general description of the sensor calibration
procedure, can be found in appendix B.

Data Acquisition Instrumentation

A SMART IVAN (System for Monitoring and Recording Transients
Instrumentation Van) was used to acquire all field response data.
SMART IVAN is a portable shielded trailer that contains all of the
instrumentation necessary to properly record transient signals. The
heart of SMART IVAN is the Tektronix R7912 transient digitizer.

This digitizer uses a scan-conversion technique to sample a transient
signal and perform the analog-to-digital conversion of transient sig-
nals at an effective sampling rate up to 100 GHz. The analog “single-
shot” bandwidth of this digitizer is 500 MHz, with nine bits of verti-
cal resolution.

Sensor Scaling factor
H104-C 43 A/m/V
E102-C 237V/m/V
E201-C 2567

E303-C 25669

E304-C 24233

E403-C 133169.0

lMagnitude chosen at 50 MHz, effect
of metallic cylinder included.




Figure 11. Typical
frequency response
for Nanofast optical
link.
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A DEC PDP 11/34 acts as the controller/processor to control most
onboard functions, such as reading the gathered data from the
R7912 digitizer’s internal memory, remotely controlling the optical
links, and performing all data processing through the execution of a
series of predeveloped programs. The display terminal controls pro-
gram sequencing, enters test parameters, and plots data for evalua-
tion. A TEK 4685 hard-copy unit produces 8- x 11-in. (22- x 28-cm)
copies of the information presented on the display terminal.

A wideband Nanofast fiber-optic link was used to transmit the out-
put of a sensor to the IVAN. The Nanofast OP300-2A fiber-optic data
link consisted of a transmitter, fiber-optic cables, and a receiver. The
sensor output was connected to the fiber-optic transmitter’s input.
The fiber-optic system’s (OP300-2A) risetime (10 to 90 percent) is
1.5 ns with a 1-dB upper bandwidth of 200 MHz. The lower 3-dB
point is 160 Hz. Figure 11 shows a typical frequency response for the
Nanofast links. The root mean square (RMS) signal-to-noise ratio is
higher than 40 dB and the harmonic distortion is less than 36 dB [8].

The SMART IVAN contains three independent data acquisition
“channels” used to digitize transient data. Each channel consists of a
fiber-optic data link and two R7912 digitizers remotely controlled
with the DEC PDP 11/34. Each digitizer is set to a different sweep
speed to optimize the measurement of the wideband signals typi-
cally produced by REPS. Figure 12 shows a block diagram of
SMART IVAN's data acquisition process.

The first digitizer of each channel is set at a fast sweep speed to cap-
ture the high-frequency, fast-rising portion of the waveform, while
the second digitizer is set to a slower sweep speed to capture low-
frequency information. Through the simultaneous use of two digi-
tizers for each data channel, an entire pulse can typically be defined

1
~ 0
fea] —
S |
(]
e
2
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[}
[33]
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START 10 000.000 Hz STOP 200 000 000.000 Hz

Frequency




using one simulator pulse. A sample hardcopy of a typical wave-
form collected using SMART IVAN is shown in figure 13.

______________________ 1
Outside of van | Inside of van I
Nanofast optical [ Nanofast optical .I
transmitter | Fiber receiver - - |
l Atten- Signat | optics Signal 4-way .| Transient | A > Video | |
Signal ——| conditioning »| conditioning [ Power digitizer |l monitor |
| uator circuitry | 100m p— splitter »| TEKR7912 I TEK 634 |
ontro!
4 | 50 Q t All R7912's
I 8 channels (1 shown) F_ibﬂ'.°2f_i°§{_1@f.n_l : monitored |
L Tdfa”S'em simultaneously |
- = I - - _ — — — T o igitizer
I Push button l "ITEK R7912 I
Loop switch B 1 ey w— I
antenna [ ADL e |
HDL optical Fiber optics | 10 m optical/ ode Calibra- Disk
A = e — > receiver select ; ¥ ]
transmitter | Data mode tion DEC
| wmode Processor/ > RKO?Z) |
y controlter
] Trigger Trigger W/64k RAM Floppy |
| generator control DEC PDP 11/34 agisk |1
SD DP 101 module DSD 210 |
I (3 @
| L * Graphics
I Tee Tee  |— display |
network network terminal |
3 1
| (3) TEK 4010
e ! |
I
| — .
To other trigger controi Hard copy unit |
| TEK 4610
modules (not shown) __I
e e e e s o o e —— — —— — — — — — — — —r vo— o—
Figure 12. Block diagram of IVAN'’s data acquisition process.
i . K= 6387.06 U : .
fllgt‘;re 13 Sfamp}e 1 8 Px- 83 au Test information
ar CfOPY ° tﬁ'Pltca 15 Name: REPS mapping
waveform collected by / Object location: 0/25/2
. ¢ TP code: EX
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£>‘, o teo Aa— S Simulator information
] v Simulator: REPS
1 B-dot: 286 mV
PR W S M S S Shot number: 46
2 48 89 120 16 200
(ns) Output level

at 50 m: 6.1 kV/m
PK= 6032.22 U/m
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: l FOL cal gain: 12.23 dB
| FOL attenuation: 6 dB

Other attenuation: 0 dB

Probe information
] Type: E300 series
] Serial number: E304-C

e  1ee =2ee 300 400 sSee Calfactor: 24233




5. Measured Field Data
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5.1

5.2

Before starting the mapping effort, we decided that the best way to
optimize the collection of field data was to define a minimal set of
digitizer sweep speeds that would provide the best representation of
all of the collected data [9]. This would not only aid in the processing
and presentation of the collected data, but would also optimize the
measurement of the sheer volume of data that needed to be re-
corded. To adequately represent the waveform, the rule of thumb
employed was to maintain a sweep-speed separation factor of five
between the fast and slow digitizer sweep speeds used in SMART
IVAN. In this way, the waveforms have been adequately sampled to
allow the early- and late-time waveforms to be “time-tied” together
for processing (e.g., Fourier transforms). The typical sweep speeds
used to best represent the measured data were a 200-ns total win-
dow fast sweep speed and a 1-is total window for the slow sweep
speed. For waveforms whose late-time energy could not be defined
in 1 us, an additional 200-ns/5-us total window sweep speed combi-
nation was taken.

Field Components

As with any finite length antenna, REPS radiates a spherically ex-
panding wavefront. For an observer on the centerline, the wavefront
can be represented by the “major” field components E,, Hy, and H,
(see fig. 14(a)). In reality, “minor” components (Ey, E;, and Hy) can
also be measured on the centerline and are caused by a combination
of imprecise recording of the field on the “true” electrical centerline, a
non-symmetrical pulser antenna, or dissimilar antenna terminations.
The amplitude of the minor components on the centerline were typi-
cally less than 10 percent of the peak of the major components. As
would be expected from a spherical wavefront, as you move off the
centerline, the amplitudes of the minor components increase as the
field lines terminate back onto the antenna (see fig. 14(b)).

Symmetry

To simplify the location of testpoints and minimize the amount of
data to be collected, we assumed that field symmetry existed on
each side of the centerline, as well as on either side of the simulator
antenna. If symmetry exists for these two cases, then all of the field
mapping data could be located within one quadrant.

To determine if symmetry exists on either side of the simulator, the
dominant field components (E,, Hy, and H;) were measured at
ranges of 50 and 75 m along the centerline on both sides of the an-




Figure 14. Field (a)
components of 4
expanding wavefront:
(a) major field
components on
centerline and

(b) off-axis field
components.
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tenna axis. Figures 15 to 17 compare Eyx, Hy, and Hz components
measured at 0/50/1 and 0/-50/1. Figures 18 and 19 compare Ex
and Hy field components measured at 0/75/1 and 0/-75/1. Data at
both locations compare remarkably well, showing excellent symme-
try. Slight variations in peak amplitude can be attributed to a
slightly inadequate sweep speed used to capture the early-time
waveform.

To examine symmetry about the centerline, all six field components
(Ex, Ey, Ez, Hy, Hy, and H;) were measured at four locations on either
side of the centerline. Figures 20 to 25 compare the components
measured at 50/25/1 and -50/25/1. Figures 26 to 31 compare the
components measured at 50/50/1 and -50/50/1. Figures 32 to 37
compare the components measured at 25/50/1 and -25/50/1. Fig-
ures 38 to 43 compare the components measured at 35/35/1 and
-35/35/1. For all locations, symmetrical major components com-
pared well, showing that REPS is indeed symmetrical about the
centerline and antenna axis. All of the Ez components (see fig. 22, 28,
34, and 40) diverge at times past 1 us, suggesting that each end of the
antenna may be terminated in different impedances. Again, varia-
tions in peak amplitude can be attributed to a slightly inadequate
sweep speed used to capture the early-time waveform.




Figure 15. Compar-
ison of horizontal
component of E-field
(E,) collected at 0/50/1
and 0/-50/1 (dotted
line).

Figure 16. Comparison
of radial component of
H-field (H ) collected
at 0/50/1 and 0/-50/1
(dotted line).

Figure 17. Compar-
ison of vertical
component of H-field
(H_) collected at 0/50/1
and 0/-50/1 (dotted
line).

Figure 18. Compari-
son of horizontal
component of E-field
(E,) collected at 0/75/1
and 0/-75/1 (dotted
line).
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Figure 19. Compari-
son of radial
component of H-field
(H,) collected at
0/75/1 and 0/-75/1
(dotted line).

Figure 20. Compari-
son of horizontal
component of E-field
(E,) collected at
50/25/1 and -50/25/1
(dotted line).

Figure 21. Compari-
son of radial
component of E-field
(Ey) collected at
50/25/1 and -50/25/1
(solid line).

Figure 22. Compari-
son of vertical
component of E-field
(E,) collected at
50/25/1 and -50/25/1
(dotted line).

900

600

g 300

v/

kV/m

kV/m

T T}
B

0 40 80 120 160 200




Figure 23. Compari-
son of horizontal
component of H-field
(H,) collected at
50/25/1 and —-50/25/1
(dotted line).

Figure 24. Compari-
son of radial compo-
nent of H-field (H,)
collected at 50/25/1
and -50/25/1 (dotted
line).

Figure 25. Comparis-
on of vertical compo-
nent of H-field (H,)
collected at 50/25/1
and -50/25/1 (dotted
line).

Figure 26. Compari-
son of horizontal
component of E-field
(E,) collected at
50/50/1 and -50/50/1
(dotted line).
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Figure 27. Compari-
son of radial compo-
nent of E-field (E,)
collected at 50/50;,1
and -50/50/1 (dotted
line).

Figure 28. Compari-
son of vertical
component of E-field
(E,) collected at 50/50/
1 and -50/50/1 (solid
line).

Figure 29. Compari-
son of horizontal
component of H-field
(H,) collected at
50/50/1 and -50/50/1
(solid line).

Figure 30. Compari-
son of radial compo-
nent of H-field (H,)
collected at

50/50/1 and -50/50/1
(dotted line).
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Figure 31. Compari-
son of vertical compo-
nent of H-field (H,)
collected at 50/50/1
and ~50/50/1 (solid
line).

Figure 32. Compari-
son of horizontal
component of E-field
(E,) collected at
25/50/1 and -25/50/1
(dotted line).

Figure 33. Compari-
son of radial compo-
nent of E-field (E,)
collected at 25/50%[
and -25/50/1 (solid
line).

Figure 34. Compari-
son of vertical compo-
nent of E-field (E,)
collected at 25/50/1
and -25/50/1 (dotted
line).
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Figure 35. Compari-
son of horizontal
component of H-field
(H,) collected at
25/50/1 and -25/50/1
(solid line).

Figure 36. Compari-
son of radial compo-
nent of H-field (H,)
collected at 25/50/1
and -25/50/1 (solid
line).

Figure 37. Compari-
son of vertical compo-
nent of H-field (H,)
collected at 25/50/1
and -25/50/1 (solid
line).

Figure 38. Compari-
son of horizontal
component of E-field
(E,) collected at
35/35/1 and —35/35/1
(solid line).
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Figure 39. Comparison
of radial component
of E-field (E,)
collected at 35/35/1
and -35/35/1 (dotted
line).

Figure 40. Compari-
son of vertical compo-
nent of E-field (E,)
collected at 35/35/1
and -35/35/1 (dotted
line).

Figure 41. Compari-
son of horizontal
component of H-field
(H,) collected at
35/35/1 and -35/35/1
(solid line).

Figure 42. Compari-
son of radial compo-
nent of H-field (H,)
collected at 35/35/T
and -35/35/1 (dotted
line).
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Figure 43. Compari-
son of vertical compo-
nent of H-field (H,)
collected at 35/35/1
and -35/35/1 (dotted
line).

5.3

53.1

LANLASE NS |

Data Set Organization

To allow easier interpretation of the measured data, the data set was
organized and broken into three groups: data collected at a height of
1 m, data collected at a height of 2 m, and data collected to examine
the field contour of the expanding pulse wavefront. For comparison
purposes, all of the data presented in these three groups have been
normalized to a common incident E-field strength of 6.5 kV/m at a
range of 50 m from the REPS pulser. The original IVAN data sets for
all of the measured data are presented in appendix C.

Data Collected at Height of 1 m

Figure 44 gives the electric field distributions, at a height of 1 m
across the REPS test volume based on the peak amplitude of each of
the electric field components (Ey, Ey, and E;). Figure 45 displays the
peak amplitude of the magnetic field components (Hy, Hy, and H)
measured at a height of 1 m across the REPS test volume. Figure 46
summarizes the polarity (direction) of each of the field vectors:
within the test volume.

The pulse waveshape for each of the electric and magnetic field com-
ponents, measured at a height of 1 m over the test volume, are dis-
played in figures 47 through 52. These figures should only be used
to monitor the overall pulse waveshape of each component. The
slower digitizer sweep speeds, necessary to capture the entire wave-
form, cannot properly capture the high-frequency risetime and am-
plitude of many of the components. Appendix C should be referred
to if a more accurate measurement of the pulse’s early-time wave-
shape is required.
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Figure 46. Polarity (direction) of E- and H-field components.

5.3.2 Data Collected at Height of 2 m

The data collected at a height of 2 m are presented in the same man-
ner as the 1-m data. Figures 53 and 54 show the field distribution of
the electric and magnetic fields in terms of peak amplitude. The en-
tire pulse waveshape for each of the field components is displayed
in appendix C.
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Figure 48. Field distribution of radial component of E-field (E) measured at 1 m (normalized to 6.5 kV/m at 50 m).
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Figure 53. Field
distribution of peak
E-field measured at
2 m (normalized to
6.5 kV/m at 50 m).

Figure 54. Field
distribution of peak
H-field measured at
2 m (normalized to
6.5 kV/m at 50 m).
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6. Field Uniformity

48

6.1

To properly characterize the fields launched from the REPS pulser, it
is important to examine the uniformity of the expanding wavefront.
Up to this point, the total E- and H-field reported in this document
have been measured and described in terms of six Cartesian compo-
nents. One disadvantage to measuring fields through individual
components is that it is much harder to characterize the uniformity
of the expanding wavefront because of its spherical nature. A more
direct method of examining wavefront uniformity would be to posi-
tion the sensors to measure the transverse electric and magnetic
fields directly. Because it is difficult to place the sensors at the angles
required to measure these vectors, and since a majority of military
systems to be tested at REPS will have cables oriented parallel to the
earth, we decided that only the vector of the tangential E-field (E;)
parallel to the ground (E, on the centerline) and the radial vector of
the incident H-field (H,) parallel to the ground (Hy on the centerline)
would be measured. These two components would provide the
most coupling to ground-deployed cables.

Locating Test Points

To examine the expanding wavefront, we placed two arcs inside the
REPS test volume, one at a 50-m ground range and another at an
85-m range. The measurement points to be examined on these two
arcs were surveyed and staked in the same manner as the rectangu-
lar grid mentioned in section 3.2. The test point locations for these
two arcs are shown in figure 55.

Figures 56 and 57 show the peak amplitudes of the tangential elec-
tric field and the radial magnetic field measured at each test point at
heights of 1 and 2 m. The entire waveform for all the data measured
at these locations is found in appendix C. As expected, figures 56
and 57 show that the wavefront is indeed uniform within the meas-
ured region of the REPS test volume. Slight variations in peak ampli-
tude can be attributed to digitizer error and measurement uncer-
tainty created by having to place the sensors at difficult angles.

Figure 56 shows that at 50 m from the antenna, the peak amplitude
of the expanding wavefront varies by no more than approximately
10 percent out to an angle of 45 degrees from the centerline. At 85 m
from the antenna, field uniformity is better than 5 percent out to
45 degrees. This angle therefore provides a useful bound for the
“usable REPS test volume” (see fig. 58).
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6.2

Figure 59. Vector
components for
incident and reflected
magnetic fields.

Planewave Approximation

To determine if the wavefront launched from REPS approximated a
planewave, we calculated the peak amplitude of the incident E-field
at increasing ranges from the pulser and compared this amplitude to

the expected 1/R field rolloff dependence.

To recreate the incident pulse from measured ground interacted
magnetic field components measured during this test, we used the
following derivation. Using figure 59, one can trigonometrically
determine the y-component of the magnetic field (Hy) and the z-
component of the magnetic field (H,) from the incident (H;) and re-

flected (H,) H-field as follows.
Hy:Hl-sin o+ H, sinf;
H,=H;cosa—H,cosf.
Solving for H; and H,,
H;= (Hy—Hr sin f§)/sin « ;
H,=(H;cos a—H,)/cosf3.
Combining equations (3) and (4),
H;= (Hy— (H; cos a—H_/cos f8) sin f§)/sin .

(1)
(2)

3)
4)

()

Ground
a=tan”

4 15+h

B=tan"
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Figure 60. Range
dependence of
incident E-field along
centerline.

Figure 61. Range
dependence of
horizontal E-field (E,)
measured along
centerline.

54

Solving for H,
H;= (Hy cos 8 + H_ sin f8)/(sin a cos 8 + cos asin ff) , (6)
using the algebraic identity sin (ot + §) = sin e cos f§ + cos asin f8,
H; (A/m):(Hycosﬂ+stinf3)/sin (o+f). @)

Figure 60 shows a plot of the calculated range dependence (using
eq (7)) for the incident field launched from REPS based on measured
Hy and H, components. A statistical power regression of these data
shows a range dependence of 1/R0-97, which agrees with the theo-
retical planewave range dependence of 1/R. This implies that based
on peak amplitudes, the wavefront launched from REPS does ap-
proximate a planewave.

The range dependence of the dominant ground-interacted compo-
nents along the centerline (E,, Hy, and H;) have also been deter-
mined, as shown in figures 61 to 63. Figures 60 to 63 can be used to
infer the EM environment produced by REPS at ranges beyond the
typical test volume.

Field strength (V/m)
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FTTT

1000 L L 1 1 1 L 1 2
10 100
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10000 =
- 1
R = R1.74
1000 \‘\
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10 100
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Figure 62. Range
dependence of radial
H-field (H,) measured
along centerline.

Figure 63. Range
dependence of
vertical H-field (H,)
measured along
centerline.
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7. Inspection of Data Set

56

7.1

Sensor Bandwidth Limitations

When examining the magnetic field waveforms, one must realize
that the lower 3-dB bandwidth of the magnetic field sensors used to
record the data is approximately 100 kHz (see fig. B-13). For mag-
netic fields with significant energy below 100 kHz, the late time re-
sponse (lower frequencies) will be attenuated by the rolloff of the
sensor’s transfer function.

To properly correct for the sensors response, one must Fourier trans-
form the data, correct for the sensors response, and then inverse
Fourier transform this product.

Because the bandwidth limitation of this sensor affects only the
late time of the pulse (it does not affect the peak), and because of
our concern about introducing processing errors, we decided that
this effect did not warrant the correction of the entire data set in
appendix C.

To gain insight into the effect that the bandwidth-limited response
of the sensor introduces, the following time-domain correction tech-
nique was performed on sample waveforms.

The corrected time-domain response is related to the measured field
by [10]

H()=H,,()+1/70]H, (¢)do, (8)

corrected H-field

where H_(f)
H,,(¢)

T

measured H-field

time constant of H-field sensor (measured to be
1.51 ps for H104-C).

Figure 64 shows overlays of the measured and corrected magnetic
field. It is important to state that equation (8) is only an approxima-
tion, and a deconvolution technique should be used for a more accu-
rate analysis. As figure 64 shows, the bandwidth limited sensor only
introduced a late time effect. There is no effect on the peak, and less
than 10 percent of an effect for approximately the first 200 ns of each
time history.

Measured E-field data do not need to be corrected since the E-field

sensors used during this effort have a flat frequency response to
=5 kHz.



Figure 64. Compari-
son of measured and
bandwidth-compen-
sated H-field
response to (a) 1 s
and (b) 5 ps.

7.2

Compensated

(b) 45 [

Compensated

Discontinuity in Pulser Output Waveform

Although the peak and overall waveshape of the B-dot pulser out-
put monitor are reasonably stable, there was an intermittent discon-
tinuity in the pulse risetime. Figure 65 shows this discontinuity. Al-
though this discontinuity may not appear to be significant, under
proper circumstances its effect can become exaggerated once the in-
cident and ground reflected waves interact within the test volume.
Since the discontinuity is intermittent, it is important when analyz-
ing the field component data to refer to the B-dot monitor wave-
shape if the component risetime is in question. For comparison,
appendix D contains all of the B-dots recorded with the field compo-
nents within the test volume listed consecutively by pulser firing
number. The B-dot that corresponds to each of the measured field
components is listed with each waveform in appendix C.
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Figure 65. Risetime Date: 1 Sep 87

discontinuity in Shot: 362 PK =294 mV
pulser output 400
waveform. -
300
> - ﬂc\ A
£ 200 My \\,\
- '\-—\\_/\
100 ~~
_\f \
0
0 40 80 120 160 200
ns
Date: 11 Aug 87
400 Shot: 4 PK =287 mV
300

NI
100 / \f\‘“’\\,
17 —~

0 40 80 120 160 200
ns

mV

58




8. Conclusions

The biconical launching section and longwire antenna structure
used in the REPS provides a realistic HEMP simulation technique
for illuminating large ground-based systems to an approximated
uniform EM planewave environment.

This report documents an extensive field characterization of the
Army’s REPS. Field mapping of the REPS consisted of recording the
total EM environment at 41 locations surrounding the REPS an-
tenna. Through this effort, the EM environment from REPS has been
characterized in terms of height (1 and 2 m), field uniformity, sym-
metry about the antenna, and wavefront planarity. Throughout this
effort, the conditions under which the data were measured were
carefully documented, including instrumentation, sensors, pulser
parameters, sensor placement, test point location, and waveform
correctness.

As expected with any finite length antenna, REPS launches a spheri-
cally expanding waveform. By bounding the width of the test vol-
ume and maximizing the range of the test object from the antenna,
REPS will accurately approximate a uniform planewave over large
test areas.

The incident E-field (based on measured H-field components) dem-
onstrates a 1/R%%7 range dependence. This, together with the obser-
vation that the individual major components (Ey, Hy, and H;) vary
less than 10 percent within an angle of 26.7 degrees from the
centerline, defines a “recommended test volume” in which the
wavefront can be thought of as planar. The “usable test volume” can
also be defined based on the observation that the tangential E-field
(E,) and the radial magnetic field (H,) of the expanding wavefront
varies less than 10 percent out to an angle of 45 degrees (relative to
the centerline). Figure 58 shows the “usable test volume” as well as
the “recommended test volume.”
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Appendix A.—Pulser Output Monitoring System
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Figure A-1. Geometry
of pulser monitoring
system.

Appendix A

System Description

As mentioned in section 2.2.1 of the main report, we monitored the
output of the Repetitive Electromagnetic Pulse Simulator (REPS)
pulser during each pulse with an EG&G MGL-2 B-dot sensor. The B-
dot sensor was located on the centerline, 15 m from the pulser at a
height of 3.66 m. Figure A-1 shows the B-dot sensor geometry and
its relation to REPS.

The MGL-2 measured the time rate of change of the magnetic flux
(dB/dt). The output of the MGL-2 was then integrated so that the
magnetic flux (B) could be measured directly. The integrator we
used was internal to the optical data link, which transmitted the out-
put voltage of the MGL-2 to an automated B-dot monitoring system.

The automated B-dot monitoring system consists of a Nanofast opti-
cal data link, Tektronix 7912 AD transient digitizer, and Digital
Equipment Corporation (DEC) 11/23 processor. The 11/23 remotely
controls the optical link and transient digitizer, as well as processes
and saves each pulse on floppy disk. Figure A-2 is a diagram of the
B-dot monitor. The optical data link receiver, transient digitizer, and
11/23 processor are all contained within a TEMPEST-shielded rack
located within the REPS command and control trailer. The band-
width of the Nanofast optical link is 160 Hz to >200 MHz. The dy-
namic range of this link is approximately 40 dB. The single-slot
“transient” bandwidth of the 7912 is approximately 200 MHz. The
bandwidth of the MGL-2 and balun is also >200 MHz.

15m

|
15m "

!‘ 300m

Top view

15m

Monitor
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Appendix A

Figure A-2. Pulser

monitoring system.

A-2.

MGL-2 Fiber-optic cable from transmitter
B-dot sensor f

=
[TEK 7912 digitizer

{ \‘ Balun !

Monitor
TEK

TEK
monitor

Fiber-optic transmitter

1

DEC controller [
Fiber-optic cable to C/C trailer Shielded rack
l«—— located inside
Floppy drives command and
control trailer

B-Dot Calibration

It is convenient to monitor the output of the pulser in terms of the
incident electric field it produces at some reference point located
within the test volume. We chose this point to be located at a slant
range of 50 m from the pulser. The incident electric field 50 m from
the REPS pulser can be derived from the recorded B-dot as follows.

The output of the MGL-2 can be expressed as

(A-1)

Agpxcos ) (4B
BL (E)’

O = (

where V() = output voltage,
Aeqg = equivalent area of the MGL-2 (1 x 102 m?)}

6 = angle between the sensor axis and the incident
field vector,

dB/dt = time rate of change of the magnetic flux density
vector, and
BL = balun loss factor (includes loss of cable from balun

to fiber-optic transmitter).
Rearranging equation (A-1),

dB _ BL A-2
dt —Aeqxcosev(t)’ (A-2)

IEG&G Standard EMP and Lightning Instrumentation Catalog, data sheet 1100 (September 1980).
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Since an integrator within the fiber-optic transmitter was used,
equation (A-1) becomes

dB _ _
dt ~ A, xcos6 xcos 0 f Vilt) (A-3)

~_BLXT 1, _
B~ A, xcos 0 vit), (A-4)

where 7 = time constant of the integrator (seconds) and

V(t) = output of integrator (in volts) (or output of fiber-optic
link).

With B = u H, the magnetic field at the B-dot sensor location then
becomes

- BLxT . _
H(t)= A,y X cos OX I, Vit (A-5)

where y, = permeability of free space = 47 x 10~ and
H(t) = magnetic field at sensor location.

Equation (A-5) is then scaled to a slant range of 50 m by

R} BLx7xN,
Eso= (Rz) (Aeq X cos 6 X ,uo) vie), (A-6)
where N, = permittivity of free space = 1207,
R, = slant range to B-dot sensor, and

R,

slant range to point in test volume (50 m) .

The values for R, and 8 are derived from the geometry of the B-dot
sensor shown in flgure A-1.

The value for BF (the loss associated with the balun and coaxial
cable from the balun to the fiber-optic link) was determined using an
Hewlett Packard (HP) 3577 network analyzer. Figure A-3 shows the
result of this measurement. BL was chosen to be the average value of
the loss in each leg of the balun at 50 MHz. This value is 6.6 dB.
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Figure A-3.
Frequency response
of balun and cable
loss.
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The integrator time constant was determined using the following
derivation:2

Eout(®)

In the integrator circuit above, the complex input-to-output relation-
ship would be

Eouft) 1
E,{t}) ~ 1+ywRC" (A7)

The magnitude of equation (A-7) is derived by multiplication with
its complex conjugate:

Eout(t) 2

Ein(t)

___ 1 _
"1+ (wRCP’ (8-8)

Defining the time constant of the integrator to be 7= RC and solving
for RC,

s

out

2Letter from D. L. Trone, EG&G, Inc., Albuquerque, NM, to ]. Stewart, Harry Diamond Laboratories (December

1974).

66




Appendix A

analyzer to determine the ratio of E; /E ,, versus frequency.

The value of 7to be used in equation (A-6) was determined by aver-
aging the value of 7 recorded using the HP 3577 at several discrete
frequencies over the entire region. 7 was calculated to be 0.95 ps.

h
The response of the integrator was swept with an HP 3577 network
The values used in equation (A-6) are summarized in table A-1.

Table A-1. Values Variable Value
assigned to variables
in equation (A-6). N, 377
Lo 4,.%x 107
Ry 18.8 m
BF 6.6 dB
0 7.9
Equation (A-6) now becomes:
_ 18.8x377(0.95x107)2.14 V{#) (in V/m) (A-10)
07 50(1%102)0.99(4,%x107) '
Eso=233x Vi(t) kV/m. (A-11)

Ry 50 m
T 0.95 us
;
|
|
|
|

i
[
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Figure B-1.
Equipment setup for
sensor calibration.

Appendix B

Sensor Background

Each of the field sensors used during this test was calibrated imme-
diately before and after the test, to verify the scaling factor used to
represent the sensor’s transfer function (ratio of applied field
strength to sensor output voltage) and to assure that the frequency
response of the sensor was flat over its intended operating range.
Because all of the mapping data are recorded in the time domain, it
is important that these sensors possess a flat frequency response
over the frequency spectrum of the electromagnetic pulse (EMP) so
that one scaling factor can be chosen to represent the entire fre-
quency response. In this way, the pulsed data could be scaled by a
single number instead of a frequency-dependent function.

The procedure we used to calibrate each sensor was based upon the
procedure typically used by Army Research Laboratory (ARL) to
calibrate ground plane E- and H-field sensors.! With this procedure,
we used a Hewlett-Packard (HP) 8407A network analyzer to gener-
ate an accurate signal source, as well as to provide an accurate signal
receiver. An IFI model 102 transverse electromagnetic (TEM) cell
was used in conjunction with the network analyzer to generate a
well-defined uniform field strength for each sensor. We also used a
high-power amplifier to bring the field strength generated within
the TEM cell to within the operating range of each sensor.

For this effort, we improved upon the calibration procedure in refer-
ence 1 by using an HP3577 network analyzer and ENI model 5100L
and 2100L power amplifiers, and then referencing the sensor output
voltage to the voltage driving the TEM cell. Using this equipment, in
conjunction with a modified calibration procedure, we could meas-
ure the sensor calibration factor from 10 kHz to 200 MHz, void of
any influence from the amplifier, sources, or cables. Figure B-1
shows the equipment setup used to calibrate the E- and H-field
sensors.

CT-2 current
probe fixture m————
ce
l | 50-0
L ' E-field sensor }:erminaﬁon|
Bias tee (E-field only)
Power +12V
amplifier /55w
Vref
HP3577 Vi
network Plotter
v analyzer

out

Y. M. Lee and B. T. Benwell, Calibration Techniques and Procedures for Ground-Plane-Version Electric and

Magnetic Field Sensors, Harry Diamond Laboratories, HDL-TR-2159 (July 1989).

71




Appendix B
B-2.

Figure B-2.
Equipment setup to
remove response of
probes and cables.

Calibration Procedure

Before we calibrated the sensor, we configured the CT-1 current
probe fixture (used to monitor the voltage driving the TEM) and all
relevant cables as in figure B-2. The responses of these components
were stored in memory for later use. By dividing the measured re-
sponse of each sensor (configured as in fig. B-1) by the response of
the CT-1 reference fixture, the measured response reduces to

V .
%;Or = GrepM— Chiensor (-51.53) (B-1)
‘/5611507’ ;
where 22 = voltage ratio measured by network analyzer,

ref

Vsensor = sensor output voltage in volts,
V. = reference probe output voltage in volts,

Grep = gain of TEM cell (2.63 1/m for sensor mounted to
ground plane of IFI model 102, TEM cell),

CF,,,sor = calibration factor of sensor, and
(-51.53) = impedance of free space (377).

The values for Gy, and the impedance of free space were added to
data registers within the network analyzer and subtracted directly
from the measurement.

Figures B-3 through B-14 show the response of each of the sensors
used for this effort. Each response has been corrected for the gain of
the TEM cell and impedance of free space (for magnetic fields).

The calibration factor measured in this fashion will give a calibration
factor for the sensor only. However, in reality, each sensor is
mounted to a metallic cylinder that houses the fiber-optic transmit-
ter necessary to isolate the sensors output signal from the ambient

Vref Vtst

HP3577

network Plotter

v. ,analyzer
out

CT-2 current
probe fixture

*Include for H-field sensors only
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EM environment. Since this metallic cylinder is now an integral part
of the sensor, it was important that we examine and characterize the
effect the metallic cylinder had on the measurement of EM fields, so
that its effect could be removed. Through previous efforts, we deter-
mined that the close proximity of this metallic cylinder to the sensor
causes a linear E-field enhancement over the frequency range of in-
terest.2 The E-field enhancement factor is 1.87. There is no field en-
hancement for magnetic fields.

Figure B-3.
Frequency response
of sensor E102 from
10 kHz to 10 MHz.

o

T 40

3

2 -50

c

& —60

=

START 20 000.000Hz STCOP 10 GO0 000.00CHz
Frequency

Figure B-4.

Frequency response
of sensor E102 from
10 MHz to 200 MHz.

Magnitude (dB)
&
o

START 10 000 000.000HZ STOP 200 Q00 000.0COHZ

Frequency

2B. T. Benwell and Y. M. Lee, The Effects of Mounting a Metallic Cylinder Behind a Ground-Plane-Version
Electromagnetic Field Sensor, Harry Diamond Laboratories, HDL-TR-2153 (January 1989).
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Figure B-5. Frequency
response of sensor
E201 from 10 kHz to
10 MHz.

Figure B-6.
Frequency response
of sensor E201 from
10 MHz to 200 MHz.
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Figure B-7. _ |
Frequency response
of sensor E303 from
10 MHz to 200 MHz.
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Figure B-9.
Frequency response
of sensor E304 from
10 kHz to 10 MHz.

Figure B-10.

Frequency response
of sensor E304 from
10 MHz to 200 MHz.
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Figure B-11.
Frequency response
of sensor E403 from
10 MHz to 200 MHz.

Figure B-12.
Frequency response
of sensor E403 from
10 kHz to 10 MHz.
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Figure B-13.
Frequency response
of sensor H104 from
10 kHz to 10 MHz.
o -30
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Figure B-14.
Frequency response
of sensor H104 from
10 MHz to 200 MHz.
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Table B-1. Scalar
correction factors.

B-3.1

Appendix B

Since the response of each sensor is flat over the frequency range of
interest, we corrected the measured data using only a scalar correc-
tion factor for each sensor. Table B-1 shows the calibration factor
used for each sensor. These numbers include the presence of the me-
tallic cylinder.

Sensor Calibration factor*
H104-C 43 A/m/V
E102-C 237V/m/V
E201-C 2567

E303-C 25669

E304-C 24233

E403-C 133169.0

*Magnitude chosen at 50 MHz, effect of metallic
cylinder included.

Sensor/Cylinder Positioning

During field mapping, the sensor/cylinder was positioned with a
dielectric stand. This stand allowed us to position the sensor/cylin-
der through a full 360 degrees in any direction. The height of the
sensor/cylinder is also adjustable between 1 and 10 ft. Figure B-15
shows a magnetic field sensor attached to the cylinder being sup-
ported by the dielectric stand.

At each measurement location within the surveyed grid of the REPS
test volume, we measured the total electric and magnetic field in
terms of its three Cartesian components (vectors). To assure the
proper measurement of these components, we had to define the
proper orientation of the sensor/cylinder.

Electric-Field Sensor/Cylinder Positioning

All of the electric-field sensors must be positioned with the face of
the sensor perpendicular to the component of the field to be meas-
ured. To achieve this, the axis of the sensor/cylinder must always be
parallel to the component that is being measured. Since the sensor is
mounted on one end of the cylinder, the sensor face is automatically
set perpendicular to the component to be measured when the cylin-
der axis is parallel to that component. When the output of the elec-
tric field sensor is positive, the electric field vector is pointing to-
ward the sensor face. When we used the sensor/cylinder for any
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Figure B-15. Magnetic
field sensor (attached
to metallic cylinder
housing fiber-optic
transmitter)
supported by
dielectric sensor
stand.

80

electric field mapping on the west side of the simulator, the follow-
ing conventions were used.

X-component.—For (a) centerline measurements, the sensor was
pointed in the positive X-direction (north), parallel with the antenna;
and for (b) off-centerline measurements, the sensor was pointed in
the direction of the Y-axis centerline.

Y-component.—The sensor was pointed at the simulator and paral-
lel with the Y-axis centerline.

Z-component.—The sensor was pointed up, perpendicular with the
X-Y plane.
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B-3.2 Magnetic-Field Sensor/Cylinder Positioning

When the sensor/cylinder was used for any magnetic field mapping
on the west side of the simulator, the following conventions were
used. These positions were used on and off the centerline.

X-component.—The cylinder was parallel with the Y-axis
(centerline); the arrow on the sensor pointed in the positive X-
direction axis of the antenna (north).

Y-component.—The cylinder pointed up (parallel with the Z-axis);
the arrow on the sensor was parallel with the Y-axis (centerline),
pointing away from the simulator (west).

Z-component.—The cylinder was placed parallel with the Y-axis
(centerline); the arrow on the sensor pointed up (positive Z-
direction), with the sensor facing the simulator.

For measurements made on the east side of the simulator, the Y-
component was recorded with the cylinder pointing up and the sen-
sor arrow facing the simulator (west).
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X component of the electric field measured at location —75/25/1 using
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Z component of the electric field measured at location -75/25/1 using
sensor E304-C. REPS pulse 228 generating 6.3 kV/m at 50 m.......ccoevcururuecnee
X component of the magentic field measured at location -75/25/1 using
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C-47.  Z component of the magnetic field measured at location ~100/25/1 using

sensor H104-C. REPS pulse 199 generating 6.4 kV/m at 50 m ......cccccoeeveuennee.
Location 0/50/1
C-48. X component of the electric field measured at location 0/50/1 using

sensor E304-C. REPS pulse 47 generating 6.1 kV/m at 50 m ......ccocooeverenreneneen.
C-49. -Y component of the electric field measured at location 0/50/1 using
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C-50.  -Y component of the electric field measured at location 0/50/1 using
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C-56. Z component of the magnetic field measured at location 0/50/1 using

sensor H104-C. REPS pulse 16 generating 6.6 kV/m at 50 m ......cccoeveveuernneee.

Location —25/50/1

C-57.

C-58.

C-59.

C-60.

C-61.

C-62.

C-63.
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X component of the electric field measured at location -25/50/1 using
sensor E304-C. REPS pulse 83 generating 6.1 kV/m at 50 m ......cccooveureeerernnnneee.
—Y component of the electric field measured at location -25/50/1 using
sensor E304-C. REPS pulse 86 generating 6.3 kV/m at 50 m......coccoouevvevruenenee.
Z component of the electric field measured at location -25/50/1 using
sensor E304-C. REPS pulse 84 generating 6.2 kV/m at 50 m .....ccccccocovurreerenneee.
Z component of the electric field measured at location —25/50/1 using
sensor E304-C. REPS pulse 85 generating 6.3 kV/m at 50 m......cccoevurrerrennneee.
X component of the magnetic field measured at location —25/50/1 using
sensor H104-C. REPS pulse 76 generating 6.3 kV/m at 50 m .......cccccoevurureunnese.
X component of the magnetic field measured at location ~25/50/1 using
sensor H104-C. REPS pulse 75 generating 6.3 kV/m at 50 m ..........cccccoevuunnne.
Y component of the magnetic field measured at location ~25/50/1 using
sensor H104-C. REPS pulse 73 generating 6.3 kV/m at50 m ...ccccccoeeecervennnee.




C-64.

C-65.

Appendix C

Y component of the magnetic field measured at location -25/50/1 using
sensor H104-C. REPS pulse 74 generating 6.3 kV/m at 50 m ......cccoecvuncuuncees
Z component of the magnetic field measured at location -25/50/1 using
sensor H104-C. REPS pulse 77 generating 6.2 kV/m at 50 m ....c.cceeeeecvevcuennennce

Location -50/50/1

C-66.

C-67.

C-68.

C-69.

C-70.

C-71.

C-72.

C-73.

C-74.

X component of the electric field measured at location -50/50/1 using
sensor E304-C. REPS pulse 92 generating 6.6 kV/m at 50 m....c..cccocevurincucecunnes
-Y component of the electric field measured at location -50/50/1 using
sensor E304-C. REPS pulse 95 generating 6.5 kV/m at 50 m.....cccccoevrvricnnncnce.
Z component of the electric field measured at location -50/50/1 using
sensor E304-C. REPS pulse 93 generating 6.3 kV/m at 50 m.....cccccevevuveevcvecnenes
Z component of the electric field measured at location -50/50/1 using
sensor E304-C. REPS pulse 94 generating 6.3 kV/m at 50 m.....c.ccococcuecunurerunnee.
X component of the magnetic field measured at location -50/50/1 using
sensor H104-C. REPS pulse 104 generating 6.5 kV/m at 50 m.....ccccceceueuriveneee
X component of the magnetic field measured at location -50/50/1 using
sensor H104-C. REPS pulse 105 generating 6.5 kV/m at 50 m.........ccccoeoveuueeeen
Y component of the magnetic field measured at location -50/50/1 using
sensor H104-C. REPS pulse 101 generating 6.4 kV/m at 50 m......cccevruruernncucnee
Y component of the magnetic field measured at location -50/50/1 using
sensor H104-C. REPS pulse 103 generating 6.3 kV/m at 50 m .....ccccecceevevcreennee
Z component of the magnetic field measured at location -50/50/1 using
sensor H104-C. REPS pulse 106 generating 6.2 kV/m at 50 m......cccccovurueueecne

Location -75/50/1

C-75.

C-76.

C-77.

C-78.

C-79.

C-80.

X component of the electric field measured at location -75/50/1 using
sensor E201-C. REPS pulse 161 generating 6.1 kV/m at 50 m.......cccccoevinecececs
~Y component of the electric field measured at location —75/50/1 using
sensor E201-C. REPS pulse 164 generating 6 kV/m at 50 m.......ccccocccucecivccnncne
Z component of the electric field measured at location -75/50/1 using
sensor E201-C. REPS pulse 162 generating 6 kV/m at 50 m.......ccccceurermeeeueucnc.
Z component of the electric field measured at location —75/50/1 using
sensor E201-C. REPS pulse 163 generating 6.1 kV/m at 50 m......ccccocovecueurencece
X component of the magnetic field measured at location —75/50/1 using
sensor H104-C. REPS pulse 159 generating 6.4 kV/m at 50 m......ccccovveureeccneeee
Y component of the magnetic field measured at location -75/50/1 using
sensor H104-C. REPS pulse 155 generating 6.4 kV/m at 50 m......ccccceevcvcecccncee
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C-81. Y component of the magnetic field measured at location -75/50/1 using

sensor H104-C. REPS pulse 156 generating 6.3 kV/m at 50 m .....ccccoeevcecrunenne. 125
C-82. Z component of the magnetic field measured at location -75/50/1 using
sensor H104-C. REPS pulse 158 generating 6.3 kV/m at 50 m.....cccococovveerunnnce. 125

Location -100/50/1
C-83. X component of the electric field measured at location -100/50/1 using

sensor E201-C. REPS pulse 185 generating 6.5 kV/m at 50 m ....cccccecoveurineunnnnes 125
C-84. -Y component of the electric field measured at location ~100/50/1 using

sensor E201-C. REPS pulse 190 generating 6.3 kV/m at 50 m.......cccccovvcerenenene. 125
C-85.  Z component of the electric field measured at location -100/50/1 using

sensor E201-C. REPS pulse 186 generating 6.3 kV/m at 50 m......ccccoceveveverernncen. 126
C-86. Z component of the electric field measured at location -100/50/1 using

sensor E201-C. REPS pulse 187 generating 6.1 kV/m at 50 m......cccccocevevruenecee. 126
C-87. X component of the magnetic field measured at location -100/50/1 using

sensor H104-C. REPS pulse 181 generating 6.2 kV/m at 50 m......cccccvevevernnnee. 126
C-88. X component of the magnetic field measured at location -100/50/1 using

sensor H104-C. REPS pulse 182 generating 6.3 kV/m at 50 m.....ccccceeeeveeencnnene. 126
C-89. Y component of the magnetic field measured at location -100/50/1 using

sensor H104-C. REPS pulse 179 generating 6.2 kV/m at 50 m.....c.ccccocevveeeeenene. 127
C-90. Y component of the magnetic field measured at location -100/50/1 using

sensor H104-C. REPS pulse 180 generating 6.2 kV/m at 50 m.....c.ccccovevereeeeee. 127
C-91. Z component of the magnetic field measured at location -100/50/1 using

sensor H104-C. REPS pulse 183 generating 6.1 kV/m at 50 m......c.cccccevueeenen. 127
C-92.  Z component of the magnetic field measured at location ~100/50/1 using

sensor H104-C. REPS pulse 184 generating 6.1 kV/m at 50 m .....cccccccoeeuerunann. 127

Location -125/50/1
C-93. X component of the electric field measured at location =125/50/1 using

sensor E201-C. REPS pulse 204 generating 6.5 kV/m at 50 m.....ccccccevevereneneen. 128
C-94. -Y component of the electric field measured at location ~125/50/1 using

sensor E201-C. REPS pulse 205 generating 6.4 kV/m at 50 m....cccccccocoevrrunenes 128
C-95.  Z component of the electric field measured at location ~125/50/1 using

sensor E201-C. REPS pulse 206 generating 6.4 kV/m at 50 m.......cccoeevevnunnee. 128
C-96. Z component of the electric field measured at location -125/50/1 using

sensor E201-C. REPS pulse 208 generating 6.3 kV/m at 50 m.......cccoecrurunnee. 128
C-97. X component of the magnetic field measured at location -125/50/1 using

sensor H104-C. REPS pulse 209 generating 6.6 kV/m at 50 m........cc.coeuevnnneen.n. 129
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C-98. X component of the magnetic field measured at location -125/50/1 using
sensor H104-C. REPS pulse 210 generating 6.4 kV/m at 50 m........cccoeveveunecee. 129
C-99. Y component of the magnetic field measured at location -125/50/1 using
sensor H104-C. REPS pulse 214 generating 6.5 kV/m at50 m.......cccccoeururuunnee 129
C-100. Y component of the magnetic field measured at location -125/50/1 using
sensor H104-C. REPS pulse 215 generating 6.4 kV/m at 50 m ......cccccccuvcueneen. 129
C-101. Z component of the magnetic field measured at location ~125/50/1 using
sensor H104-C. REPS pulse 212 generating 6.4 kV/m at 50 m .....c.ccccccvurenennece. 130
C-102. Z component of the magnetic field measured at location -125/50/1 using
sensor H104-C. REPS pulse 213 generating 6.2 kV/m at 50 m .......ccccueueeeeeee. 130

Location -150/50/1
C-103. X component of the electric field measured at location -150/50/1 using

sensor E201-C. REPS pulse 340 generating 6.4 kV/m at50 m ........ccccucuueeee. 130
C-104. -Y component of the electric field measured at location ~150/50/1 using

sensor E201-C. REPS pulse 343 generating 6.2 kV/mat50 m ........cccccucueueeee. 130
C-105. Z component of the electric field measured at location —-150/50/1 using

sensor E201-C. REPS pulse 341 generating 6.4 kV/mat 50 m .......cccccccvuvunueee. 131
C-106. Z component of the electric field measured at location —150/50/1 using

sensor E201-C. REPS pulse 342 generating 6.2 kV/m at50 m .......cccccoeueveneeee. 131
C-107. X component of the magnetic field measured at location -150/50/1 using

sensor H104-C. REPS pulse 344 generating 6.3 kV/m at50 m .........ccceueenneeee. 131
C-108. X component of the magnetic field measured at location -150/50/1 using

sensor H104-C. REPS pulse 345 generating 6.1 kV/m at 50 m ...............cc........ 131
C-109. Y component of the magnetic field measured at location -150/50/1 using

sensor H104-C. REPS pulse 346 generating 6.1 kV/m at50 m .......ccceuveuneeee. 132
C-110. Y component of the magnetic field measured at location -150/50/1 using

sensor H104-C. REPS pulse 347 generating 6.1 kV/mat50 m ........cccccuvuuneeee. 132
C-111. Z component of the magnetic field measured at location —-150/50/1 using

sensor H104-C. REPS pulse 350 generating 6.3 kV/m at50 m ..........cccuueeeee. 132
C-112. Z component of the magnetic field measured at location —-150/50/1 using

sensor H104-C. REPS pulse 351 generating 6.2 kV/m at 50 m ......ccccovuvuneeee. 132
Location 0/75/1 ;
C-113. X component of the electric field measured at location 0/75/1 using

sensor E201-C. REPS pulse 141 generating 6.4 kV/m at50 m .........ccceuueeee. 133
C-114. X component of the electric field measured at location 0/75/1 using

sensor E201-C. REPS pulse 142 generating 6.4 kV/m at 50 m ......ccccceuvvvennneee 133
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C-115.

C-116.

C-117.

C-118.

C-119.

C-120.

C-121.

—Y component of the electric field measured at location 0/75/1 using

sensor E201-C. REPS pulse 140 generating 6.3 kV/m at 50 m ......c.cccoueunneeee.. 133
Z component of the electric field measured at location 0/75/1 using

sensor E201-C. REPS pulse 137 generating 6.3 kV/m at 50 m ......c.cccoeuen..... 133
Z component of the electric field measured at location 0/75/1 using

sensor E201-C. REPS pulse 138 generating 6.3 kV/m at 50 m .........cccoeuue.e.... 134
X component of the magnetic field measured at location 0/75/1 using

sensor H104-C. REPS pulse 135 generating 6.2 kV/m at 50 m ..........c.............. 134
Y component of the magnetic field measured at location 0/75/1 using

sensor H104-C. REPS pulse 131 generating 6.3 kV/m at 50 m ........cccoucuueen... 134
Y component of the magnetic field measured at location 0/75/1 using

sensor H104-C. REPS pulse 133 generating 6.2 kV/m at 50 m ........................ 134
Z component of the magnetic field measured at location 0/75/1 using

sensor H104-C. REPS pulse 136 generating 6.2 kV/m at 50 m ........cc.c.coeueeeee. 135

Location -25/75/1

C-122.

C-123.

C-124.

C-125.

C-126.

C-127.

C-128.

C-129.

C-130.

X component of the electric field measured at location -25/75/1 using

sensor E201-C. REPS pulse 124 generating 6.6 kV/m at50 m ........c.cocooouue...... 135
—Y component of the electric field measured at location -25/75/1 using

sensor E201-C. REPS pulse 121 generating 6.3 kV/m at 50 m .......cccccoevveneenes 135
Z component of the electric field measured at location -25/75/1 using

sensor E201-C. REPS pulse 122 generating 6.3 kV/m at 50 m ........cccocc.vueene.... 135
Z component of the electric field measured at location -25/75/1 using

sensor E201-C. REPS pulse 123 generating 6.4 kV/m at 50 m .......ccovueveree.... 136
X component of the magnetic field measured at location -25/75/1 using
sensor H104-C. REPS pulse 128 generating 6.3 kV/mat50m ........ccc............ 136
X component of the magnetic field measured at location —25/75/1 using
sensor H104-C. REPS pulse 129 generating 6.4 kV/m at 50 m .........cou.......... 136
Y component of the magnetic field measured at location —25/75/1 using
sensor H104-C. REPS pulse 126 generating 6.3kV/m at 50 m ...........c............. 136
Y component of the magnetic field measured at location -25/75/1 using
sensor H104-C. REPS pulse 127 generating 6.2 kV/m at 50 m ...........ceoeuee.e. 137
Z component of the magnetic field measured at location -25/75/1 using
sensor H104-C. REPS pulse 130 generating 6 kV/m at 50 m .........cccccocuueee.... 137

Location -50/75/1

C-131.
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X component of the electric field measured at location -50/75/1 using
sensor E201-C. REPS pulse 117 generating 6.3 kV/m at50 m .........ccceouce..... 137




C-132.

C-133.

C-134.

C-135.

C-136.

C-137.

C-138.

C-139.

Appendix C

—Y component of the electric field measured at location -50/75/1 using
sensor E201-C. REPS pulse 120 generating 6.5 kV/m at 50 m .....ccccccocueueunenee
Z component of the electric field measured at location -50/75/1 using
sensor E201-C. REPS pulse 118 generating 6.3 kV/m at 50 m ........c.cccecurcveuneen.
Z component of the electric field measured at location -50/75/1 using
sensor E201-C. REPS pulse 119 generating 6.3 kV/m at 50 m ......ccccoecuervcunnees
X component of the magnetic field measured at location -50/75/1 using
sensor H104-C. REPS pulse 114 generating 6.2 kV/mat 50 m .......c.ccccceueuennceee
X component of the magnetic field measured at location -50/75/1 using
sensor H104-C. REPS pulse 115 generating 6.5 kV/m at 50 m .....c.ccccovevreeveceee.
Y component of the magnetic field measured at location -50/75/1 using
sensor H104-C. REPS pulse 112 generating 6.4 kV/m at 50 m .......cccocoevvcueunnce
Y component of the magnetic field measured at location -50/75/1 using
sensor H104-C. REPS pulse 113 generating 6.5 kV/m at 50 m .....c.c.cceeececeecnce.
Z component of the magnetic field measured at location -50/75/1 using
sensor H104-C. REPS pulse 116 generating 6.4 kV/m at 50 m .........ccoeueuuneeees

Location -75/75/1

C-140.

C-141.

C-142.

C-143.

C-144.

C-145.

C-146.

C-147.

C-148.

X component of the electric field measured at location -75/75/1 using
sensor E201-C. REPS pulse 143 generating 6.4 kV/m at 50 m ....cccccceveencuneee.
-Y component of the electric field measured at location -75/75/1 using
sensor E201-C. REPS pulse 146 generating 6.5 kV/m at 50 m .....c..cccccececununee.
Z component of the electric field measured at location -75/75/1 using
sensor E201-C. REPS pulse 144 generating 6.2 kV/m at 50 m ........cccceceeveucunce.
Z component of the electric field measured at location -75/75/1 using
sensor E201-C. REPS pulse 145 generating 6.3 kV/m at 50 m ........ccccouevvceunnee.
X component of the magnetic field measured at location -75/75/1 using
sensor H104-C. REPS pulse 149 generating 6.3 kV/m at 50 m ......cceceeervecncuceee.
X component of the magnetic field measured at location —75/75/1 using
sensor H104-C. REPS pulse 150 generating 6.3 kV/m at 50 m .....cccccececueuruecnes
Y component of the magnetic field measured at location ~75/75/1 using
sensor H104-C. REPS pulse 147 generating 6.3 kV/m at 50 m .......cccoecenuenes
Y component of the magnetic field measured at location -75/75/1 using
sensor H104-C. REPS pulse 148 generating 6.4 kV/m at 50 m ....cccececueurcucucece.
Z component of the magnetic field measured at location -75/75/1 using
sensor H104-C. REPS pulse 151 generating 6.5 kV/m at 50 m ......cccceeveueunecee.
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C-149.

Z component of the magnetic field measured at location -75/75/1 using
sensor H104-C. REPS pulse 152 generating 6.5kV/m at 50 m ..........ooeeee....... 142

Location -100/75/1

C-150. X component of the electric field measured at location =100 /75/1 using

sensor E201-C. REPS pulse 165 generating 6.2 kV/mat 50 m ......c.o..eouenen...... 142
C-151. -Y component of the electric field measured at location ~100/75/1 using

sensor E201-C. REPS pulse 169 generating 6.2 kV/m at 50 m ........cccooeeuen...... 142
C-152.  Z component of the electric field measured at location -100/75/1 using

sensor E201-C. REPS pulse 167 generating 6.3 kV/m at 50 m .....ccoeveureen....... 142
C-153. Z component of the electric field measured at location -100/75/1 using

sensor E201-C. REPS pulse 168 generating 6.3 kV/m at50m ...........oceeen...... 143
C-154. X component of the magnetic field measured at location ~100/75/1 using

sensor H104-C. REPS pulse 173 generating 6.1 kV/m at 50 m ..........ooee........ 143
C-155. X component of the magnetic field measured at location ~100/75/1 using

sensor H104-C. REPS pulse 174 generating 6.3 kV/m at 50 m ..........ccoun........ 143
C-156. Y component of the magnetic field measured at location -100/75/1 using

sensor H104-C. REPS pulse 171 generating 6.2 kV/mat 50 m ..........coeoou..... 143
C-157. Y component of the magnetic field measured at location -100/75/1 using

sensor H104-C. REPS pulse 175 generating 6.6 kV/mat50m .........cceouee........ 144
C-158.  Z component of the magnetic field measured at location ~100/75/1 using

sensor H104-C. REPS pulse 178 generating 6.3 kV/m at 50 m ....c..cocevvueenr...... 144
C-159. Z component of the magnetic field measured at location ~100/75/1 using

sensor H104-C. REPS pulse 176 generating 6.2 kV/m at 50 m .........couemmr..... 144
C-160. Z component of the magnetic field measured at location ~100/75/1 using

sensor H104-C. REPS pulse 177 generating 6.2 kV/m at 50 m .........ooounn........ 144
Location 0/92/1
C-161. X component of the electric field measured at location 0/92/1 using

sensor E102-C. REPS pulse 281 generating 6.1 kV/m at 50 m ......c.coevurmmnn... 145
C-162.  Z component of the electric field measured at location 0/92/1 using

sensor E102-C. REPS pulse 283 generating 6.2 kV/m at 50 m ........ccocoonun....... 145
C-163. Z component of the electric field measured at location 0/92/1 using

sensor E102-C. REPS pulse 284 generating 6 kV/m at 50 m ........c..oocevuenen.n.... 145
C-164. Y component of the magnetic field measured at location 0/92/1 using

sensor H104-C. REPS pulse 279 generating 6.2 kV/m at 50 m ..........coo.oou....... 145
C-165. Y component of the magnetic field measured at location 0/92/1 using

sensor H104-C. REPS pulse 280 generating 6.3 kV/m at 50 m .......oceoceunn...... 146
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Location 0/25/2
C-166. X component of the electric field measured at location 0/25/2 using

sensor E304-C. REPS pulse 46 generating 6.1 kV/mat 50 m .........cccceuvuunuceee. 146
C-167. -Y component of the electric field measured at location 0/25/2 using

sensor E201-C. REPS pulse 40 generating 6.1 kV/mat50 m ........ccoeevruuncene. 146
C-168. Z component of the electric field measured at location 0/25/2 using

sensor E201-C. REPS pulse 43 generating 6.3 kV/m at 50 m ....c.cccccvvrcucnenne. 146
C-169. Z component of the electric field measured at location 0/25/2 using

sensor E201-C. REPS pulse 44 generating 6.2 kV/m at50 m ......cccoovvuvuvunnenee 147
C-170. X component of the magnetic field measured at location 0/25/2 using

sensor H104-C. REPS pulse 7 generating 6.5 kV/m at 50 m ......cccccovvnvnenennnes 147
C-171. Y component of the magnetic field measured at location 0/25/2 using

sensor H104-C. REPS pulse 8 generating 6.4 kV/m at 50 m .......cccccovvuvrnennnne 147
C-172. Y component of the magnetic field measured at location 0/25/2 using

sensor H104-C. REPS pulse 9 generating 6.3kV/m at 50 m ......ccccoeevvveevrucnnnen 147
C-173. Z component of the magnetic field measured at location 0/25/2 using

sensor H104-C. REPS pulse 10 generating 6.3 kV/m at50 m ......ccccccceueveunnnnns 148
C-174. Z component of the magnetic field measured at location 0/25/2 using

sensor H104-C. REPS pulse 11 generating 6.4 kV/m at 50 m .....ccccocovevevrueneenn. 148

Location -25/25/2

C-175. X component of the magnetic field measured at location -25/25/2 using
sensor H104-C. REPS pulse 6 generating 6.9 kV/m at 50 m ......ccceevovueirveneencnes 148
C-176. Y component of the magnetic field measured at location —25/25/2 using
sensor H104-C. REPS pulse 2 generating 6.9 kV/m at 50 m ......ccccecovurvrurueinnns 148
C-177. Y component of the magnetic field measured at location -25/25/2 using
sensor H104-C. REPS pulse 3 generating 7 kV/m at 50 m .......cocoevvviuenienenenes 149
C-178. Z component of the magnetic field measured at location —-25/25/2 using
sensor H104-C. REPS pulse 45 generating 6.9 kV/mat 50 m ......ccccocvrrnnneee. 149
Location 0/50/2
C-179. X component of the electric field measured at location 0/50/2 using
sensor E201-C. REPS pulse 39 generating 6.68 kV/m at 50 m ........cccceveveeeeeee. 149
C-180. -Y component of the electric field measured at location 0/50/2 using
sensor E201-C. REPS pulse 36 generating 6.65kV/mat50 m ......cccoeuevevunece. 149
C-181. -Y component of the electric field measured at location 0/50/2 using
sensor E201-C. REPS pulse 61 generating 6.1 kV/mat50 m .......cccocoverrnnnnceee. 150
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C-182.

C-183.

C-184.

C-185.

C-186.

Z component of the electric field measured at location 0/50,/2 using

sensor E201-C. REPS pulse 56 generating 6 kV/m at 50 m ..........cceeueeeurenn.... 150
X component of the magnetic field measured at location 0/50/2 using
sensor H104-C. REPS pulse 18 generating 6.4 kV/mat50m ...........oooeomn..... 150
Y component of the magnetic field measured at location 0/50/2 using
sensor H104-C. REPS pulse 19 generating 6.3 kV/m at 50 m .........cocovvueeunne... 150
Y component of the magnetic field measured at location 0/50/2 using
sensor H104-C. REPS pulse 20 generating 6.3 kV/m at 50 m .........ccceveveun.... 151
Z component of the magnetic field measured at location 0/50/2 using
sensor H104-C. REPS pulse 21 generating 6.1 kV/mat50m ........coocouenn........ 151

Location -25/50/2

C-187.

C-188.

C-189.

C-190.

C-191.

C-192.

C-193.

C-194.

C-195.

X component of the electric field measured at location -25/50/2 using

sensor E304-C. REPS pulse 91 generating 6.3kV/mat50 m.........cccveeeuen...... 151
—Y component of the electric field measured at location -25/50/2 using

sensor E304-C. REPS pulse 87 generating 6.3 kV/m at 50 m .........cccovureeen....... 151
Z component of the electric field measured at location -25/50/2 using

sensor E304-C. REPS pulse 88 generating 6.4 kV/m at 50 m ........ccoceevreeeen..... 152
Z component of the electric field measured at location —25/50/2 using

sensor E304-C. REPS pulse 90 generating 6.2 kV/m at 50 m ........ccoeeeeevmnen....... 152
X component of the magnetic field measured at location —25/50/2 using
sensor H104-C. REPS pulse 81 generating 6.3kV/mat50m .........c.cooeun........ 152
X component of the magnetic field measured at location -25/50/2 using
sensor H104-C. REPS pulse 82 generating 6.5 kV/mat50m ........co.ooeenn........ 152
Y component of the magnetic field measured at location -25/50/2 using
sensor H104-C. REPS pulse 79 generating 6.2 kV/m at50 m .........coeooeue...... 153
Y component of the magnetic field measured at location ~25/50/2 using
sensor H104-C. REPS pulse 80 generating 6.2 kV/m at 50 m .......coceverenn..... 153
Z component of the magnetic field measured at location -25/50/2 using
sensor H104-C. REPS pulse 78 generating 6.3 kV/m at50 m .........c.coeonn....... 153

Location ~-50/50/2

C-196.

C-197.

C-198.
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X component of the electric field measured at location -50/50/2 using

sensor E304-C. REPS pulse 99 generating 6.4 kV/mat 50 m .......ccoooovemnee...... 153
Y component of the electric field measured at location ~50/50/2 using

sensor E304-C. REPS pulse 96 generating 6.3 kV/mat50m ........ccooveunn....... 154
Z component of the electric field measured at location -50/50/2 using

sensor E304-C. REPS pulse 97 generating 6.2 kV/mat 50 m ...........oooueun...... 154
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C-199. Z component of the electric field measured at location -50/50/2 using

sensor E304-C. REPS pulse 98 generating 6.5 kV/mat50 m ........ccccceviennnnne 154
C-200. X component of the magnetic field measured at location -50/50/2 using

sensor H104-C. REPS pulse 108 generating 6.2 kV/m at 50 m .........cccceeueuueeee 154
C-201. X component of the magnetic field measured at location -50/50/2 using

sensor H104-C. REPS pulse 109 generating 6.3 kV/mat50 m ......cccccouevcueeeee 155
C-202. Y component of the magnetic field measured at location -50/50/2 using

sensor H104-C. REPS pulse 110 generating 6.5 kV/mat50 m ...........cccccccucee. 155
C-203. Y component of the magnetic field measured at location -50/50/2 using

sensor H104-C. REPS pulse 111 generating 6.3 kV/mat50 m .......cccccoeuvuneeene. 155
C-204. Z component of the magnetic field measured at location -50/50/2 using

sensor H104-C. REPS pulse 107 generating 6.3 kV/m at 50 m ......ccccoeveeuneneee. 155
Location 50/25/1
C-205. -X component of the electric field measured at location 50/25/1 using

sensor E304-C. REPS pulse 361 generating 6 kV/m at50m .......ccccccccuenancnes 156
C-206. -Y component of the electric field measured at location 50/25/1 using

sensor E304-C. REPS pulse 364 generating 6.1 kV/mat50 m .......ccccoovvurunneeee. 156
C-207. -Y component of the electric field measured at location 50/25/1 using

sensor E304-C. REPS pulse 365 generating 6.2 kV/m at50 m ......cccccccvenenee. 156
C-208. Z component of the electric field measured at location 50/25/1 using

sensor E304-C. REPS pulse 362 generating 6.3 kV/mat50 m .....ccccouvvurunnenee. 156
C-209. Z component of the electric field measured at location 50/25/1 using

sensor E304-C. REPS pulse 363 generating 5.9 kV/m at50 m ......ccccovvuiunnce. 157
C-210. -X component of the magnetic field measured at location 50/25/1 using

sensor H104-C. REPS pulse 366 generating 6.2 kV/m at 50 m .........cccocecune.. 157
C-211. —-X component of the magnetic field measured at location 50/25/1 using

sensor H104-C. REPS pulse 367 generating 6.1 kV/m at 50 m «....ccccvververennce 157
C-212. Y component of the magnetic field measured at location 50/25/1 using

sensor H104-C. REPS pulse 370 generating 6.1 kV/m at 50 m .......cccceecuunnee. 157
C-213. Y component of the magnetic field measured at location 50/25/1 using

sensor H104-C. REPS pulse 371 generating 6.1 kV/m at 50 m .......ccccevvcuruneeee. 158
C-214. Z component of the magnetic field measured at location 50/25/1 using

sensor H104-C. REPS pulse 368 generating 6.1 kV/mat50 m .......cccccuueeeeee. 158
C-215. Z component of the magnetic field measured at location 50/25/1 using

sensor H104-C. REPS pulse 369 generating 6 kV/m at50 m .......cccoevvvnrunncne. 158
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Location 25/50/1
C-216. -X component of the electric field measured at location 25/50/1 using

sensor E201-C. REPS pulse 339 generating 6.3 kV/mat 50 m ..........ccooueeumn.e.. 158
C-217. -X component of the electric field measured at location 25/50/1 using

sensor E201-C. REPS pulse 338 generating 6.1 kV/m at 50 m ........ccoevumenne.... 159
C-218. -Y component of the electric field measured at location 25/50/1 using

sensor E201-C. REPS pulse 337 generating 6.4 kV/m at 50 m ..........ccccoe...... 159
C-219.  Z component of the electric field measured at location 25/50/1 using

sensor E201-C. REPS pulse 335 generating 6 kV/m at50 m .............cccouue.c..... 159
C-220. Z component of the electric field measured at location 25/50/1 using

sensor E201-C. REPS pulse 336 generating 6.3 kV/mat50m .........cccccoonn.e... 159
C-221. -X component of the magnetic field measured at location 25/50/1 using

sensor H104-C. REPS pulse 331 generating 6.4 kV/m at 50 m. .......ccooc.ounn.... 160
C-222. -X component of the magnetic field measured at location 25/50/1 using

sensor H104-C. REPS pulse 332 generating 6.2 kV/m at 50 m ......c..cccooun....... 160
C-223. Y component of the magnetic field measured at location 25/50/1 using

sensor H104-C. REPS pulse 329 generating 6.3 kV/m at 50 m ........cooeueeuenee... 160
C-224. Y component of the magnetic field measured at location 25/50/1 using

sensor H104-C. REPS pulse 330 generating 6.3 kV/m at 50 m ........ccccoeeuu....... 160
C-225.  Z component of the magnetic field measured at location 25/50/1 using

sensor H104-C. REPS pulse 334 generating 6.2 kV/mat50m.........cc.cc........ 161
Location 50/50/1
C-226. -X component of the electric field measured at location 50/50/1 using

sensor E304-C. REPS pulse 263 generating 6.1 kV/mat50 m .......................... 161
C-227. =Y component of the electric field measured at location 50/50/1 using

sensor E304-C. REPS pulse 262 generating 6.1 kV/m at 50 m ........ccoeuuene..... 161
C-228.  Z component of the electric field measured at location 50/50/1 using

sensor E304-C. REPS pulse 260 generating 6.1 kV/m at 50 m .....c.ocoeevevuenee.... 161
C-229.  Z component of the electric field measured at location 50/50/1 using

sensor E304-C. REPS pulse 261 generating 6 kV/m at 50 m .........ccccoovunnee.... 162
C-230. X component of the magnetic field measured at location 50/50/1 using

sensor H104-C. REPS pulse 254 generating 6.1 kV/mat 50 m ........................ 162
C-231. X component of the magnetic field measured at location 50/50/1 using

sensor H104-C. REPS pulse 255 generating 6 kV/m at 50 m .........ccccocvemeenn..... 162
C-232. Y component of the magnetic field measured at location 50/50/1 using

sensor H104-C. REPS pulse 256 generating 6.3 kV/m at 50 m .......ccccvunn....... 162

96




Appendix C

C-233. Y component of the magnetic field measured at location 50/50/1 using

sensor H104-C. REPS pulse 257 generating 6 kV/m at 50 m ......cccccvviucunnnnee. 163
(C-234. Z component of the magnetic field measured at location 50/50/1 using

sensor H104-C. REPS pulse 259 generating 6.2 kV/mat 50 m ........cccecvueeeee. 163
Location 25/0/1
(C-235. —X component of the electric field measured at location 25/0/1 using

sensor E403-C. REPS pulse 403 generating 6.2 kV/m at 50 m .......cccevcucuencee. 163
C-236. —X component of the electric field measured at location 25/0/1 using

sensor E403-C. REPS pulse 404 generating 6 kV/m at 50 m ......cccovevcmininnnene. 163
C-237. =Y component of the electric field measured at location 25/0/1 using

sensor E403-C. REPS pulse 407-generating 6.2 kV/m at 50 m ........cccccoeucuenenc. 164
C-238. ~Y component of the electric field measured at location 25/0/1 using

sensor E403-C. REPS pulse 408 generating 6.3 kV/m at 50 m .......ccccoeecuennees 164
C-239. Z component of the electric field measured at location 25/0/1 using

sensor E403-C. REPS pulse 405 generating 6.3 kV/m at 50 m ........covveuenenee 164
C-240. Z component of the electric field measured at location 25/0/1 using

sensor E403-C. REPS pulse 406 generating 6.2 kV/m at 50 m .....c.ccccccccueuuneee. 164
C-241. -X component of the magnetic field measured at location 25/0/1 using

sensor H104-C. REPS pulse 398 generating 6.2 kV/m at 50 m ......ccocoeeuennene. 165
C-242. -X component of the magnetic field measured at location 25/0/1 using

sensor H104-C. REPS pulse 399 generating 6.2 kV/m at 50 m ... 165
C-243. Y component of the magnetic field measured at location 25/0/1 using

sensor H104-C. REPS pulse 401 generating 6.2 kV/m at 50 m ......cccccevvcueuncee 165
C-244. Y component of the magnetic field measured at location 25/0/1 using

sensor H104-C. REPS pulse 402 generating 6.2 kV/m at 50 m ......cccococcucnneene 165
(C-245. Z component of the magnetic field measured at location 25/0/1 using

sensor H104-C. REPS pulse 396 generating 6.2 kV/m at 50 m .....cccoecececemnee. 166
C-246. Z component of the magnetic field measured at location 25/0/1 using

sensor H104-C. REPS pulse 397 generating 6.2 kV/m at50 m ......ccccevviveneens 166
Location 18/33/1
C-247. -X component of the electric field measured at location 18/33/1 using

sensor E304-C. REPS pulse 357 generating 6.2 kV/m at 50 m ....ccccevecvruennnnee. 166
(C-248. -Y component of the electric field measured at location 18/33/1 using

sensor E304-C. REPS pulse 360 generating 6.2 kV/m at 50 m .......cccocncunncee. 166
C-249. Z component of the electric field measured at location 18/33/1 using '

sensor E304-C. REPS pulse 358 generating 6.1 kV/m at 50 m .....cc.couvvvcucucnce 167
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C-250.  Z component of the electric field measured at location 18/33/1 using

sensor E304-C. REPS pulse 359 generating 6.1 kV/m at 50 m .........cccccoeeueece.e. 167
C-251. X component of the magnetic field measured at location 18/33/1 using

sensor H104-C. REPS pulse 353 generating 6.2 kV/m at 50 m ......................... 167
C-252. Y component of the magnetic field measured at location 18/33/1 using

sensor H104-C. REPS pulse 355 generating 6.3 kV/m at 50 m ......c..c..co........... 167
C-253. Y component of the magnetic field measured at location 18/33/1 using

sensor H104-C. REPS pulse 356 generating 6.3kV/m at 50 m ........cccccuu....... 168
C-254.  Z component of the magnetic field measured at location 18/33/1 using

sensor H104-C. REPS pulse 354 generating 6.1 kV/m at 50 m .........co........... 168
Location 35/35/1
C-255. -X component of the electric field measured at location 35/35/1 using

sensor E304-C. REPS pulse 378 generating 6.3 kV/m at50m .......cccooouee....e. 168
C-256. -Y component of the electric field measured at location 35/35/1 using

sensor E304-C. REPS pulse 385 generating 6.1 kV/m at 50 m .........cccovuueeeee. 168
C-257. -Y component of the electric field measured at location 35/35/1 using

sensor E304-C. REPS pulse 384 generating 6.2 kV/m at 50 m .........ccoueeeeee.e. 169
C-258. Z component of the electric field measured at location 35/35/1 using

sensor E304-C. REPS pulse 380 generating 6.1 kV/m at 50 m .........c..cooueee.e... 169
C-259. Z component of the electric field measured at location 35/35/1 using

sensor E304-C. REPS pulse 383 generating 6.2 kV/m at 50 m .........c..cooue......... 169
C-260. -X component of the magnetic field measured at location 35/35/1 using

sensor H104-C. REPS pulse 372 generating 6.3 kV/m at 50 m .............c.......... 169
C-261. -X component of the magnetic field measured at location 35/35/1 using

sensor H104-C. REPS pulse 373 generating 6.2 kV/m at 50 m ..........cc............ 170
C-262. Y component of the magnetic field measured at location 35/35/1 using

sensor H104-C. REPS pulse 276 generating 6.3 kV/m at 50 m ..........c.............. 170
C-263. Y component of the magnetic field measured at location 35/35/1 using

sensor H104-C. REPS pulse 377 generating 6.2 kV/m at 50 m ............co........... 170
C-264. Z component of the magnetic field measured at location 35/35/1 using

sensor H104-C. REPS pulse 374 generating 6.2 kV/m at 50 m .........c..ou.......... 170
C-265.  Z component of the magnetic field measured at location 35/35/1 using

sensor H104-C. REPS pulse 375 generating 6 kV/m at 50 m .........c.cooevuuenee... 171

Location 0/-50/1

C-266.
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X component of the electric field measured at location 0/-50/1 using
sensor E304-C. REPS pulse 270 generating 6.3 kV/m at 50 m ........cccouuueee... 171




C-267.

C-268.

C-269.

C-270.

C-271.

C-272.

C-273.

C-274.
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Y component of the electric field measured at location 0/-50/1 using

sensor E304-C. REPS pulse 273 generating 6.2 kV/m at 50 m ......cocoovvereennenee. 171
Z component of the electric field measured at location 0/-50/1 using

sensor E304-C. REPS pulse 271 generating 6.3 kV/m at50 m .....cccouevurmennnee. 171
Z component of the electric field measured at location 0/-50/1 using

sensor E304-C. REPS pulse 272 generating 6.2 kV/m at50 m ......ccccuveuruneeeeee. 172
X component of the magnetic field measured at location 0/-50/1 using

sensor H104-C. REPS pulse 274 generating 6.4 kV/m at 50 m. ......cccocecevuencee. 172
X component of the magnetic field measured at location 0/-50/1 using

sensor H104-C. REPS pulse 275 generating 6.3 kV/m at 50 m .......cccoeuvunnnees 172
Y component of the magnetic field measured at location 0/-50/1 using

sensor H104-C. REPS pulse 276 generating 6.3 kV/mat50 m .......ccooeveuencee 172
Y component of the magnetic field measured at location 0/-50/1 using

sensor H104-C. REPS pulse 277 generating 6.2 kV/m at 50 m ........ccovveuenece. 173
Z component of the magnetic field measured at location 0/-50/1 using

sensor H104-C. REPS pulse 278 generating 6.2 kV/m at 50 m ......ccocevverenenenee. 173

Location 0/-75/1

C-275.

C-276.

C-277.

C-278.

C-279.

C-280.

C-281.

C-282.

C-283.

X component of the electric field measured at location 0/-75/1 using

sensor E304-C. REPS pulse 387 generating 6.3 kV/m at50 m .......cccceucuneeeeee. 173
Y component of the electric field measured at location 0/-75/1 using

sensor E304-C. REPS pulse 390 generating 6.2 kV/mat50 m .......ccccceunneene. 173
Z component of the electric field measured at location 0/-75/1 using

sensor E304-C. REPS pulse 388 generating 6.4 kV/m at50 m .......ccocvuennnneeee. 174
Z component of the electric field measured at location 0/-75/1 using

sensor E304-C. REPS pulse 389 generating 6.3 kV/mat50 m .....cccceueeineeeee. 174
—-X component of the magnetic field measured at location 0/-75/1 using
sensor H104-C. REPS pulse 392 generating 6.3 kV/mat50 m .......ccccenueunnene. 174
~X component of the magnetic field measured at location 0/-75/1 using
sensor H104-C. REPS pulse 393 generating 6.1 kV/m at 50 mu.....cccccoveuennncne 174
-Y component of the magnetic field measured at location 0/-75/1 using
sensor H104-C. REPS pulse 394 generating 6.3 kV/mat 50 m ......cccceuecuneneeee. 175
-Y component of the magnetic field measured at location 0/-75/1 using
sensor H104-C. REPS pulse 395 generating 6.2 kV/mat 50 m .......ccccecovunnenee 175
Z component of the magnetic field measured at location 0/-75/1 using

sensor H104-C. REPS pulse 391 generating 6.1 kV/m at 50 m ......ccocvvuenenee 175
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Location 0/50/1

C-284.

C-285.

X component of the electric field measured at location 0/50/1 using

sensor E304-C. REPS pulse 47 generating 6.1 kV/m at 50 m ......c.cococvvvvveneece..
Y component of the magnetic field measured at location 0/50/1 using
sensor H104-C. REPS pulse 13 generating 6.3 kV/m at 50 m .....c.cc.coevueeeee.e.

Location -19/46/1

C-286.

C-287.

T component of the electric field measured at location -19/46/1 using
sensor E304-C. REPS pulse 309 generating 6.2 kV/m at 50 m .......c..cccoeueue.c..
R component of the magnetic field measured at location —19/46/1 using
sensor H104-C. REPS pulse 305 generating 6.1 kV/m at 50 m ..............c...........

Location —-35/35/1

C-288.

C-289.

C-290.

C-291.

C-292.

C-293.

C-294.

C-295.

C-296.

C-297.

C-298.
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T component of the electric field measured at location -35/35/1 using
sensor E304-C. REPS pulse 293 generating 6.2 kV/m at 50 m .......c.cccoouece.....
R component of the magnetic field measured at location -35/35/1 using
sensor H104-C. REPS pulse 298 generating 6.4 kV/m at 50 m ........c..c.............
X component of the electric field measured at location -35/35/1 using
sensor E304-C. REPS pulse 287 generating 6.3 kV/m at 50 m ..........c.coeuuu......
~Y component of the electric field measured at location -35/35/1 using
sensor E304-C. REPS pulse 292 generating 6.5 kV/m at 50 m ........cccoovue......
Z component of the electric field measured at location -35/35/1 using
sensor E304-C. REPS pulse 288 generating 6.3 kV/m at 50 m .........cccoueeee....
Z component of the electric field measured at location -35/35/1 using
sensor E304-C. REPS pulse 289 generating 6.3 kV/m at 50 m ...........c..............
X component of the magnetic field measured at location -35/35/1 using
sensor H104-C. REPS pulse 300 generating 6.2 kV/m at 50 m ........cc.cc...........
X component of the magnetic field measured at location -35/35/1 using
sensor H104-C. REPS pulse 301 generating 6.2 kV/m at 50 m .........................
Y component of the magnetic field measured at location -35/35/1 using
sensor H104-C. REPS pulse 303 generating 6.4 kV/m at 50 m .........................
Y component of the magnetic field measured at location -35/35/1 using
sensor H104-C. REPS pulse 304 generating 6.2 kV/m at 50 m ........cc.cooen.......
Z component of the magnetic field measured at location -35/35/1 using
sensor H104-C. REPS pulse 302 generating 6.3 kV/m at 50 m .........................
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Location 0/85/1
C-299. X component of the electric field measured at location 0/85/1 using

sensor E201-C. REPS pulse 324 generating 6.1 kV/mat50 m .........cccccovuneeee. 179
C-300. Y component of the magnetic field measured at location 0/85/1 using

sensor H104-C. REPS pulse 326 generating 6.2 kV/m at 50 m ..........ccccceeueneee 180

Location -33/79/1
C-301. T component of the electric field measured at location -33/79/1 using

sensor E304-C. REPS pulse 314 generating 6.2 kV/m at 50 m .......cccccccuvueveeeces 180
C-302. R component of the magnetic field measured at location -33/79/1 using

sensor H104-C. REPS pulse 316 generating 6.1 kV/m at 50 m ........ccccceueeueee. 180
Location —60/60/1
C-303. T component of the electric field measured at location —60/60/1 using

sensor E201-C. REPS pulse 320 generating 6 kV/m at 50 m ......ccccoccucucurunnnee. 180
C-304. R component of the magnetic field measured at location —60/60/1 using

sensor H104-C. REPS pulse 318 generating 6.3 kV/m at 50 m .........ccoeeuuenee 181
Location 0/50/2
C-305. X component of the electric field measured at location 0/50/2 using

sensor E304-C. REPS pulse 48 generating 6.2kV/mat50 m ..o 181
C-306. Y component of the magnetic field measured at location 0/50/2 using

sensor H104-C. REPS pulse 19 generating 6.3 kV/m at 50 m ......cccccovvmrenneeee. 181

Location -19/46/2
C-307. T component of the electric field measured at location -19/46/2 using

sensor E304-C. REPS pulse 313 generating 6.2 kV/m at 50 m ........ccccvueuueeeeee. 181
C-308. R component of the magnetic field measured at location —-19/46/2 using
sensor H104-C. REPS pulse 306 generating 6.2 kV/m at 50 m .......cccccoverennece 182

Location -35/35/1
C-309. T component of the electric field measured at location -35/35/1 using

sensor E304-C. REPS pulse 295 generating 6.3 kV/mat50 m .......ccccvrvnneeee 182
C-310. R component of the magnetic field measured at location -35/35/1 using

sensor H104-C. REPS pulse 299 generating 6.3 kV/m at 50 m ........ccccucueenenee 182
Location 0/85/2
C-311. X component of the electric field measured at location 0/85/2 using

sensor E201-C. REPS pulse 325 generating 6.3 kV/m at50 m .........ccceceueenneee. 182
C-312. Y component of the magnetic field measured at location 0/85/2 using

sensor H104-C. REPS pulse 328 generating 6.3 kV/m at50 m .......ccccececnunneee 183
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Location -33/79/2
C-313. T component of the electric field measured at location -33/79/2 using

sensor E304-C. REPS pulse 315 generating 6.1 kV/m at 50 m .......cccccoovurueee.e. 183
C-314. R component of the magnetic field measured at location -33/79/2 using
sensor H104-C. REPS pulse 317 generating 6.2 kV/m at 50 m ......cc.cooevuneeee.e. 183
Location —60/60/2
C-315. T component of the electric field measured at location ~60/60/2 using
sensor E201-C. REPS pulse 322 generating 6.2 kV/mat50 m ......cccoevrinnnene. 183
C-316. R component of the magnetic field measured at location -60/60/2 using
sensor H104-C. REPS pulse 319 generating 6.2 kV/m at 50 m ...........co.eu........ 184
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Data Collection

This appendix contains the complete time history for each field com-
ponent measured during this effort.

As mentioned in section 4.3, Data Acquisition Instrumentation, all the
data during this effort were collected using SMART IVAN I. The
IVAN uses two digitizers per test point to define the entire pulse.
One digitizer is set at a fast sampling rate to capture the high-
frequency, fast-rising portion of the waveform, while the second
digitizer is set to a slower sampling rate to capture mid- and low-
frequency information. All of the data have been scalar corrected to
include the effects of the fiber-optic link, sensor/cylinder, and any
attenuation used during the measurement.

Data Organization

We organized the data first by test objective: 1-m height, 2-m height,
symmetry data, and arc data. Within each of these sections, the data

are further broken down by location (i.e., X/25/X, X/50/X,
X/75/X). Within each location the data are then organized by com-
ponent (i.e., Ex, Ey, E;, Hy, Hy, Hz).

The data are outlined as follows:

I. 1-m data

A. Location X/25/1 (X =0, =25, -50, -75, —100)
component Ey, Ey, E,, H,, Hy, H,

B. Location X/50/1 (X =0, -25, =50, =75, -100, =125, -150)
component Ey, Ey, E, H,, Hy, H,

C. Location X/75/1 (X =0, -25,-50, =75, -100)
component Ey, Ey, E;, Hy, Hy, H;

D. Location 0/92/1

component Ey, E;, Hy
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II. 2-m height
A. Location X/25/2 (X =0, -25)
component Ey, Ey, E;, Hy, Hy H,
B. Location X/50/2 (X = 0, -25, -50)
component Ey, Ey, E,, H,, Hy, H,
III. Symmetry data
A.50/25/1
component Ey, Ey, E;, Hy, Hy, H,
B. X/50/1 (X = 25, 50)
component Ey, Ey, E;, Hy, Hy, H;
C.25/0/1
component Ey, Ey, E;, Hy, Hy, H,
D.18/33/1
component Ey, Ey, Ez, Hy, Hy, H;
E. 35/35/1
component Ey, Ey, E., Hy, Hy, H.
F.0/-50/1
component Ey, Ey, E;, Hy, Hy, H,
G.0/-75/1
component Ey, Ey, E;, Hy, Hy H:
IV. Arc data
A. 50-m arc
component E;, H,

B. 85-m arc

component E;, H,
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Figure C-1. X component of the
electric field measured at location
0/25/1 using sensor E304-C. REPS
pulse 45 generating 6.3 kV/m at
50 m. ’
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Figure C-3. Z component of the
electric field measured at location
0/25/1 using sensor E201-C. REPS
pulse 36 generating 6.1 kV/m at
50 m.

Appendix C, 1-m data
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Figure C-2. -Y component of the
electric field measured at location
0/25/1 using sensor E201-C. REPS
pulse 39 generating 6.1 kV/m at
50 m.
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Figure C-4. Z component of the
electric field measured at location
0/25/1 using sensor E201-C. REPS
pulse 38 generating 6 kV/m at

50 m.
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Figure C-5. X component of the
magnetic field measured at location
0/25/1 using sensor H104-C. REPS

pulse 6 generating 6.3 kV/m at 50 m.

20 PX= 17.384 A/m

1o

® 40 8o 120 169 200
1E-9 S
10 PXe 9.17111 Asm

‘V\f\..w.-

-5 ¢

e 3
1E-6 S

Figure C-7. Y component of the
magnetic field measured at location
0/25/1 using sensor H104-C. REPS
pulse 3 generating 6.4 kV/m at 50 m.
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Figure C-6. Y component of the
magnetic field measured at location
0/25/1 using sensor H104-C. REPS
pulse 2 generating 6.4 kV/m at 50 m.
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Figure C-8. Z component of the
magnetic field measured at location
0/25/1 using sensor H104-C. REPS
pulse 4 generating 6.1 kV/m at 50 m.
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Figure C-9. X component of the
electric field measured at location
—25/25/1 using sensor E304-C.
REPS pulse 266 generating

6.2 kV/m at 50 m.
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Figure C-11. Z component of the
electric field measured at location
—25/25/1 using sensor E304-C.
REPS pulse 264 generating

6 kV/m at 50 m.
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Figure C-10. -Y component of the
electric field measured at location

~25/25/1 using sensor E304-C.
REPS pulse 267 generating

6 kV/m at 50 m.
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Figure C-12. Z component of the
electric field measured at location

~25/25/1 using sensor E304-C.
REPS pulse 265 generating
6.1 kV/m at 50 m.
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Figure C-13. X component of the
magnetic field measured at location
-25/25/1 using sensor H104-C. REPS
pulse 245 generating 6.5 kV/m at

50 m.
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Figure C-15. Y component of the
magnetic field measured at location
—25/25/1 using sensor H104-C. REPS
pulse 247 generating 6.3 kV/m at

50 m.
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Figure C-14. Y component of the
magnetic field measured at location
-25/25/1 using sensor H104-C. REPS
pulse 246 generating 6.4 kV/m at

50 m.
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Figure C-16. Z component of the
magnetic field measured at location
-25/25/1 using sensor H104-C. REPS
pulse 241 generating 6.4 kV/m at

50 m.
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Figure C-17. X component of the
electric field measured at location
—-50/25/1 using sensor E304-C.

REPS pulse 232 generating
6.2 kV/m at 50 m.
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Figure C-19. Z component of the
electric field measured at location
-50/25/1 using sensor E304-C.
REPS pulse 233 generating

6.1 kV/m at 50 m.
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Figure C-18. -Y component of the
electric field measured at location
-50/25/1 using sensor E304-C.
REPS pulse 235 generating

6.1 kV/m at 50 m.
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Figure C-20. Z component of the
electric field measured at location
-50/25/1 using sensor E304-C.
REPS pulse 234 generating

6.1 kV/m at 50 m.
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Figure C-21. X component of the
magnetic field measured at location
-50/25/1 using sensor H104-C. REPS
pulse 238 generating 6.4 kV/m at

50 m.
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Figure C-23. Y component of the
magnetic field measured at location
-50/25/1 using sensor H104-C. REPS
pulse 237 generating 6.1 kV/m at

50 m.
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Figure C-22. Y component of the
magnetic field measured at location
-50/25/1 using sensor H104-C. REPS
pulse 236 generating 6.5 kV/m at

50 m.
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Figure C-24. Z component of the
magnetic field measured at location
-50/25/1 using sensor H104-C. REPS
pulse 239 generating 6.3 kV/m at

50 m.
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Figure C-25. Z component of the
magnetic field measured at location
-50/25/1 using sensor H104-C. REPS
pulse 240 generating 6.3 kV/m at

50 m.
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Figure C-27.-Y component of the
electric field measured at location
~75/25/1 using sensor E304-C. REPS
pulse 230 generating 6.3 kV/m at
50 m.
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Figure C-26. X component of the
electric field measured at location
-75/25/1 using sensor E304-C. REPS
pulse 226 generating 6.2 kV/m at
50 m.
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Figure C-28. -Y component of the
electric field measured at location
~75/25/1 using sensor E304-C. REPS
pulse 231 generating 6 kV/m at

50 m.
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Figure C-29. Z component of the
electric field measured at location
-75/25/1 using sensor E304-C. REPS
pulse 227 generating 6.4 kV/m at

50 m.
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Figure C-31. X component of the
magnetic field measured at location
~75/25/1 using sensor H104-C. REPS
pulse 221 generating 6.3 kV/m at

50 m.
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Figure C-30. Z component of the
electric field measured at location
-75/25/1 using sensor E304-C. REPS
pulse 228 generating 6.3 kV/m at
50 m.
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Figure C-32. X component of the
magnetic field measured at location
~75/25/1 using sensor H104-C. REPS
pulse 222 generating 6.5 kV/m at

50 m.
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Figure C-33. Y component of the
magnetic field measured at location
—75/25/1 using sensor H104-C. REPS
pulse 216 generating 6.3 kV/m at

50 m.
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Figure C-35. Z component of the
magnetic field measured at location
—75/25/1 using sensor H104-C. REPS
pulse 223 generating 6.3 kV/m at

50 m.
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Figure C-34. Y component of the
magnetic field measured at location
~75/25/1 using sensor H104-C. REPS
pulse 217 generating 6.5 kV/m at

50 m.
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Figure C-36. Z component of the
magnetic field measured at location
-75/25/1 using sensor H104-C. REPS
pulse 224 generating 6.3 kV/m at

50 m.
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Figure C-37. X component of the
electric field measured at location
~100/25/1 using sensor E201-C. REPS
pulse 192 generating 6.5 kV/m at

50 m.
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Figure C-39. -Y component of the
electric field measured at location
-100/25/1 using sensor E201-C. REPS
pulse 195 generating 6.4 kV/m at

50 m.
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Figure C-38. -Y component of the
electric field measured at location
-100/25/1 using sensor E201-C. REPS
pulse 194 generating 6.4 kV/m at

50 m.
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Figure C-40. Z component of the
electric field measured at location
-100/25/1 using sensor E303-C. REPS
pulse 202 generating 6.2 kV/m at

50 m.
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Figure C-41. Z component of the
electric field measured at location
-100/25/1 using sensor E303-C. REPS
pulse 203 generating 6.3 kV/m at

50 m.
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Figure C-43. X component of the
magnetic field measured at location
-100/25/1 using sensor H104-C.
REPS pulse 197 generating 6.2 kV/m
at 50 m.
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Figure C-42. X component of the
magnetic field measured at location
-100/25/1 using sensor H104-C. REPS
pulse 196 generating 6.5 kV/m at

50 m.
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Figure C-44. Y component of the
magnetic field measured at location
-100/25/1 using sensor H104-C.
REPS pulse 200 generating 6.4 kV/m
at 50 m.
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Figure C-45. Y component of the
magnetic field measured at
location -100/25/1 using sensor
H104-C. REPS pulse 201

generating 6.3 kV/m at 50 m.
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Figure C-47. Z component of the
magnetic field measured at
location —100/25/1 using sensor
H104-C. REPS pulse 199
generating 6.4 kV/m at 50 m.
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Figure C-46. Z component of the
magnetic field measured at
location —100/25/1 using sensor
H104-C. REPS pulse 198 generating
6.3 kV/m at 50 m.
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Figure C-48. X component of the
electric field measured at location
0/50/1 using sensor E304-C. REPS
pulse 47 generating 6.1 kV/m at
50 m,
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Figure C-49. -Y component of the
electric field measured at location
0/50/1 using sensor E201-C. REPS
pulse 49 generating 6.3 kV/m at
50 m.
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Figure C-51. Z component of the
electric field measured at location
0/50/1 using sensor E201-C. REPS
pulse 53 generating 6.1 kV/m at
50 m.
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Figure C-50. -Y component of the

electric field measured at location
0/50/1 using sensor E201-C. REPS

pulse 52 generating 6 kV/m at

50 m.
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Figure C-52. Z component of the
electric field measured at location
0/50/1 using sensor E201-C. REPS
pulse 54 generating 6.4 kV/m at
50 m.
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Figure C-53. X component of the
magnetic field measured at location
0/50/1 using sensor H104-C. REPS
pulse 17 generating 6.6 kV/m at

50 m.
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Figure C-55. Y component of the
magnetic field measured at location
0/50/1 using sensor H104-C. REPS
pulse 15 generating 6.3 kV/m at

50 m.
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Figure C-54. Y component of the
magnetic field measured at location
0/50/1 using sensor H104-C. REPS
pulse 13 generating 6.3 kV/m at

50 m,

s PKe 6.6294%  A/m
4
e Ja } lm,-.,./\—\-—-—»\—\._._l
V
]
-4
e 4 80 120 1ge 200

—4

o4 -6
1E-6 S

Figure C-56. Z component of the
magnetic field measured at location
0/50/1 using sensor H104-C. REPS
pulse 16 generating 6.6 kV/m at

50 m.
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Figure C-57. X component of the
electric field measured at location
—25/50/1 using sensor E304-C. REPS
pulse 83 generating 6.1 kV/m at

50 m.
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Figure C-59. Z component of the
electric field measured at location
—25/50/1 using sensor E304-C. REPS
pulse 84 generating 6.2 kV/m at

50 m,
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Figure C-58. -Y component of the
electric field measured at location
—25/50/1 using sensor E304-C. REPS
pulse 86 generating 6.3 kV/m at

50 m.
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Figure C-60. Z component of the
electric field measured at location
-25/50/1 using sensor E304-C. REPS
pulse 85 generating 6.3 kV/m at

50 m.
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Figure C-61. X component of the Figure C-62. X component of the
magnetic field measured at magnetic field measured at location
location —25/50/1 using sensor -25/50/1 using sensor H104-C. REPS
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Figure C-63. Y component of the Figure C-64. Y component of the
magnetic field measured at magnetic field measured at location
location —25/50/1 using sensor —25/50/1 using sensor H104-C. REPS
H104-C. REPS pulse 73 generating pulse 74 generating 6.3 kV/m at

6.3 kV/m at 50 m. 50 m.
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Figure C-65. Z component of the
magnetic field measured at
location -25/50/1 using sensor
H104-C. REPS pulse 77 generating
6.2 kV/m at 50 m.
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Figure C-67. -Y component of the
electric field measured at location
-50/50/1 using sensor E304-C. REPS
pulse 95 generating 6.5 kV/m at

50 m.
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Figure C-66. X component of the
electric field measured at location
-50/50/1 using sensor E304-C. REPS
pulse 92 generating 6.6 kV/m at

50 m.

400 PX=-629.936 Usm
e R
] '\
—-400 vb""\
‘\\/
~820 v + ——
- 42 ice pi-1 4 200
1E-9 S
420 PX=~595.352 Usm
-]
400 \rlf-\\ J \\ !/_/\
-800
4 - .8 L

-4 6
1E-6 S

Figure C-68. Z component of the
electric field measured at location
-50/50/1 using sensor E304-C. REPS
pulse 93 generating 6.3 kV/m at

50 m.
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Figure C-69. Z component of the
electric field measured at location
-50/50/1 using sensor E304-C. REPS
pulse 94 generating 6.3 kV/m at

50 m.
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Figure C-71. X component of the
magnetic field measured at location
-50/50/1 using sensor H104-C. REPS
pulse 105 generating 6.5 kV/m at

50 m.
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Figure C-70. X component of the
magnetic field measured at location
-50/50/1 using sensor H104-C. REPS
pulse 104 generating 6.5 kV/m at

50 m.
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Figure C-72. Y component of the
magnetic field measured at location
-50/50/1 using sensor H104-C. REPS
pulse 101 generating 6.4 kV/m at

50 m.
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Figure C-73. Y component of the
magnetic field measured at
location -50/50/1 using sensor
H104-C. REPS pulse 103 generating
6.3 kV/m at 50 m.
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Figure C-75. X component of the
electric field measured at location
~75/50/1 using sensor E201-C. REPS
pulse 161 generating 6.1 kV/m at
50 m.
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Figure C-74. Z component of the
magnetic field measured at location
-50/50/1 using sensor H104-C. REPS
pulse 106 generating 6.2 kV/m at

50 m.
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Figure C-76.-Y component of the
electric field measured at location
—75/50/1 using sensor E201-C.
REPS pulse 164 generating 6 kV/m
at 50 m.
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Figure C-77. Z component of the
electric field measured at location
—75/50/1 using sensor E201-C. REPS
pulse 162 generating 6 kV/m at 50 m.
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Figure C-79. X component of the
magnetic field measured at location
-75/50/1 using sensor H104-C. REPS

pulse 159 generating 6.4 kV/m at 50 m.
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Figure C-78. Z component of the
electric field measured at location
—75/50/1 using sensor E201-C. REPS
pulse 163 generating 6.1 kV/m at 50 m.
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Figure C-80. Y component of the
magnetic field measured at location
-75/50/1 using sensor H104-C. REPS
pulse 155 generating 6.4 kV/m at 50 m.
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Figure C-81. Y component of the
magnetic field measured at location
-75/50/1 using sensor H104-C. REPS
pulse 156 generating 6.3 kV/m at

50 m.
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Figure C-83. X component of the
electric field measured at location
~100/50/1 using sensor E201-C.
REPS pulse 185 generating

6.5 kV/m at 50 m.
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Figure C-82. Z component of the
magnetic field measured at location
-75/50/1 using sensor H104-C. REPS
pulse 158 generating 6.3 kV/m at

50 m.
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Figure C-84. -Y component of the
electric field measured at location
-100/50/1 using sensor E201-C. REPS
pulse 190 generating 6.3 kV/m at

50 m.
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Figure C-85. Z component of the
electric field measured at location
-100/50/1 using sensor E201-C. REPS
pulse 186 generating 6.3 kV/m at

50 m.
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Figure C-87. X component of the
magnetic field measured at location
-100/50/1 using sensor H104-C. REPS
pulse 181 generating 6.2 kV/m at

50 m.
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Figure C-86. Z component of the
electric field measured at location
-100/50/1 using sensor E201-C. REPS
pulse 187 generating 6.1 kV/m at

50 m.
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Figure C-88. X component of the
magnetic field measured at location
-100/50/1 using sensor H104-C. REPS
pulse 182 generating 6.3 kV/m at

50 m.
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Figure C-89. Y component of the
magnetic field measured at location
~100/50/1 using sensor H104-C. REPS
pulse 179 generating 6.2 kV/m at

50 m.
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Figure C-91. Z component of the
magnetic field measured at location
-100/50/1 using sensor H104-C. REPS
pulse 183 generating 6.1 kV/m at

50 m.

Appendix C, 1-m data

3 PK= 2.61588  Am
1 N
2 1---cmd [
1 '/
° R e
-1
] 49 82 2 16e 200
1E-8 S

PKe 2.42719 A/m

-1

e 3
1E-6 S

Figure C-90. Y component of the
magnetic field measured at location
—100/50/1 using sensor H104-C.
REPS pulse 180 generating 6.2 kV/m
at 50 m,
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Figure C-92. Z component of the
magnetic field measured at location
-100/50/1 using sensor H104-C. REPS
pulse 184 generating 6.1 kV/m at

50 m.
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Figure C-93. X component of the
electric field measured at location
-125/50/1 using sensor E201-C. REPS
pulse 204 generating 6.5 kV/m at

50 m,
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Figure C-95. Z component of the
electric field measured at location
~125/50/1 using sensor E201-C. REPS
pulse 206 generating 6.4 kV/m at

50 m.
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Figure C-94. -Y component of the
electric field measured at location
~125/50/1 using sensor E201-C. REPS
pulse 205 generating 6.4 kV/m at

50 m,
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Figure C-96. Z component of the
electric field measured at location
-125/50/1 using sensor E201-C. REPS
pulse 208 generating 6.3 kV/m at

50 m,
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Figure C-97. X component of the
magnetic field measured at location
—125/50/1 using sensor H104-C. REPS
pulse 209 generating 6.6 kV/m at

50 m.
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Figure C-99. Y component of the
magnetic field measured at location
—125/50/1 using sensor H104-C. REPS
pulse 214 generating 6.5 kV/m at

50 m.
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Figure C-98. X component of the
magnetic field measured at location
—125/50/1 using sensor H104-C. REPS
pulse 210 generating 6.4 kV/m at

50 m.
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Figure C-100. Y component of the
magnetic field measured at location
—125/50/1 using sensor H104-C. REPS
pulse 215 generating 6.4 kV/m at

50 m.
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Figure C-101. Z component of the
magnetic field measured at location
—125/50/1 using sensor H104-C. REPS
pulse 212 generating 6.4 kV/m at

50 m.
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Figure C-103. X component of the
electric field measured at location
-150/50/1 using sensor E201-C. REPS
pulse 340 generating 6.4 kV/m at

50 m.
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Figure C-102. Z component of the
magnetic field measured at location
-125/50/1 using sensor H104-C.
REPS pulse 213 generating 6.2 kV/m
at50 m.
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Figure C-104. -Y component of the
electric field measured at location
-150/50/1 using sensor E201-C. REPS
pulse 343 generating 6.2 kV/m at

50 m.
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Figure C-105. Z component of the
electric field measured at location
-150/50/1 using sensor E201-C. REPS
pulse 341 generating 6.4 kV/m at

50 m.
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Figure C-107. X component of the
magnetic field measured at location
-150/50/1 using sensor H104-C, REPS
pulse 344 generating 6.3 kV/m at

50 m.
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Figure C-106. Z component of the
electric field measured at location
-150/50/1 using sensor E201-C. REPS
pulse 342 generating 6.2 kV/m at

50 m.
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Figure C-108. X component of the
magnetic field measured at location
-150/50/1 using sensor H104-C. REPS
pulse 345 generating 6.1 kV/m at

50 m.
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Figure C-109. Y component of the
magnetic field measured at location
-150/50/1 using sensor H104-C. REPS
pulse 346 generating 6.1 kV/m at

50 m.
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Figure C-111. Z component of the
magnetic field measured at location
-150/50/1 using sensor H104-C. REPS
pulse 350 generating 6.3 kV/m at

50 m.
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Figure C-110. Y component of the
magnetic field measured at location
—150/50/1 using sensor H104-C. REPS
pulse 347 generating 6.1 kV/m at

50 m.
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Figure C-112. Z component of the
magnetic field measured at location
-150/50/1 using sensor H104-C. REPS
pulse 351 generating 6.2 kV/m at

50 m.
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Figure C-113. X component of the
electric field measured at location
0/75/1 using sensor E201-C. REPS
pulse 141 generating 6.4 kV/m at
50 m.
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Figure C-115. -Y component of the
electric field measured at location
0/75/1 using sensor E201-C. REPS
pulse 140 generating 6.3 kV/m at
50 m.
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Figure C-114. X component of the
electric field measured at location
0/75/1 using sensor E201-C. REPS
pulse 142 generating 6.4 kV/m at
50 m.
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Figure C-116. Z component of the
electric field measured at location
0/75/1 using sensor E201-C. REPS
pulse 137 generating 6.3 kV/m at
50 m.
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Figure C-117. Z component of the
electric field measured at location
0/75/1 using sensor E201-C. REPS
pulse 138 generating 6.3 kV/m at
50 m.
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Figure C-119. Y component of the
magnetic field measured at location
0/75/1 using sensor H104-C. REPS
pulse 131 generating 6.3 kV/m at

50 m.
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Figure C-118. X component of the
magnetic field measured at location
0/75/1 using sensor H104-C, REPS
pulse 135 generating 6.2 kV/m at

S0 m.
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Figure C-120. Y component of the
magnetic field measured at location
0/75/1 using sensor H104-C. REPS
pulse 133 generating 6.2 kV/m at

50 m.
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Figure C-121. Z component of the
magnetic field measured at location
0/75/1 using sensor H104-C. REPS
pulse 136 generating 6.2 kV/m at

50 m.
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Figure C-123. ~Y component of the
electric field measured at location
—25/75/1 using sensor E201-C. REPS
pulse 121 generating 6.3 kV/m at
50 m.
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Figure C-122, X component of the
electric field measured at location
—25/75/1 using sensor E201-C. REPS
pulse 124 generating 6.6 kV/m at
50 m.
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Figure C-124. Z component of the
electric field measured at location
-25/75/1 using sensor E201-C. REPS
pulse 122 generating 6.3 kV/m at
50 m.
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Figure C-125. Z component of the
electric field measured at location
-25/75/1 using sensor E201-C. REPS
pulse 123 generating 6.4 kV/m at
50 m.
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Figure C-127. X component of the
magnetic field measured at location
~25/75/1 using sensor H104-C. REPS
pulse 129 generating 6.4 kV/m at

50 m.
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Figure C-126. X component of the
magnetic field measured at location
-25/75/1 using sensor H104-C. REPS
pulse 128 generating 6.3 kV/m at

50 m.
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Figure C-128. Y component of the
magnetic field measured at location
~25/75/1 using sensor H104-C. REPS
pulse 126 generating 6.3 kV/m at

50 m.
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Figure C-129. Y component of the
magnetic field measured at location
—-25/75/1 using sensor H104-C. REPS
pulse 127 generating 6.2 kV/m at

50 m.
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Figure C-131. X component of the
electric field measured at location
-50/75/1 using sensor E201-C. REPS
pulse 117 generating 6.3 kV/m at
50 m.
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Figure C-130. Z component of the
magnetic field measured at
location -25/75/1 using sensor
H104-C. REPS pulse 130
generating 6 kV/m at 50 m.
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Figure C-132.-Y component of the
electric field measured at location
-50/75/1 using sensor E201-C. REPS
pulse 120 generating 6.5 kV/m at
50 m.
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Figure C-133. Z component of the
electric field measured at location
-50/75/1 using sensor E201-C.
REPS pulse 118 generating 6.3
kV/m at 50 m.
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Figure C-135. X component of the
magnetic field measured at location
=50/75/1 using sensor H104-C. REPS
pulse 114 generating 6.2 kV/m at

50 m.
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Figure C-134. Z component of the
electric field measured at location
-50/75/1 using sensor E201-C. REPS
pulse 119 generating 6.3 kV/m at
50 m. '
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Figure C-136. X component of the
magnetic field measured at location
-50/75/1 using sensor H104-C. REPS
pulse 115 generating 6.5 kV/m at

50 m.
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Figure C-137. Y component of the
magnetic field measured at location
—50/75/1 using sensor H104-C. REPS
pulse 112 generating 6.4 kV/m at

50 m.
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Figure C-139. Z component of the
magnetic field measured at location
~50/75/1 using sensor H104-C. REPS
pulse 116 generating 6.4 kV/m at

50 m.
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Figure C-138. Y component of the
magnetic field measured at location
-50/75/1 using sensor H104-C. REPS
pulse 113 generating 6.5 kV/m at

50 m.
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Figure C-140. X component of the
electric field measured at location
—75/75/1 using sensor E201-C. REPS
pulse 143 generating 6.4 kV/m at
50 m.
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Figure C-141. -Y component of the
electric field measured at location
-75/75/1 using sensor E201-C. REPS
pulse 146 generating 6.5 kV/m at

50 m.
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Figure C-143. Z component of the
electric field measured at location
~75/75/1 using sensor E201-C. REPS
pulse 145 generating 6.3 kV/m at
50 m.
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Figure C-142. Z component of the
electric field measured at location
~75/75/1 using sensor E201-C. REPS
pulse 144 generating 6.2 kV/m at
50 m.
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Figure C-144. X component of the
magnetic field measured at location
-75/75/1 using sensor H104-C. REPS
pulse 149 generating 6.3 kV/m at

50 m.
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Figure C-145. X component of the
magnetic field measured at location
-75/75/1 using sensor H104-C. REPS
pulse 150 generating 6.3 kV/m at

50 m.
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Figure C-147. Y component of the
magnetic field measured at location
—75/75/1 using sensor H104-C. REPS
pulse 148 generating 6.4 kV/m at

50 m.
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Figure C-146. Y component of the
magnetic field measured at location
~75/75/1 using sensor H104-C. REPS
pulse 147 generating 6.3 kV/m at

50 m.
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Figure C-148. Z component of the
magnetic field measured at location
-75/75/1 using sensor H104-C. REPS
pulse 151 generating 6.5 kV/m at

50 m.
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Figure C-149. Z component of the
magnetic field measured at location
~75/75/1 using sensor H104-C. REPS
pulse 152 generating 6.5 kV/m at

50 m.
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Figure C-151. -Y component of the
electric field measured at location
-100/75/1 using sensor E201-C. REPS
pulse 169 generating 6.2 kV/m at

50 m.
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Figure C-150. X component of the
electric field measured at location
-100/75/1 using sensor E201-C. REPS
pulse 165 generating 6.2 kV/m at

50 m.
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Figure C-152. Z component of the
electric field measured at location
-100/75/1 using sensor E201-C. REPS
pulse 167 generating 6.3 kV/m at

50 m.
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Figure C-153. Z component of the
electric field measured at location
-100/75/1 using sensor E201-C. REPS
pulse 168 generating 6.3 kV/m at

50 m.
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Figure C-155. X component of the
magnetic field measured at location
-100/75/1 using sensor H104-C. REPS
pulse 174 generating 6.3 kV/m at

50 m.
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Figure C-154. X component of the
magnetic field measured at location
-100/75/1 using sensor H104-C. REPS
pulse 173 generating 6.1 kV/m at

50 m.
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Figure C-156. Y component of the
magnetic field measured at location
-100/75/1 using sensor H104-C. REPS
pulse 171 generating 6.2 kV/m at

50 m.
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Figure C-157. Y component of the
magnetic field measured at location
-100/75/1 using sensor H104-C. REPS
pulse 175 generating 6.6 kV/m at

50 m.
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Figure C-159. Z component of the
magnetic field measured at location
~100/75/1 using sensor H104-C. REPS
pulse 176 generating 6.2 kV/m at

50 m.
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Figure C-158. Z component of the
magnetic field measured at location
~100/75/1 using sensor H104-C. REPS
pulse 178 generating 6.3 kV/m at

50 m.
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Figure C-160. Z component of the
magnetic field measured at location
-100/75/1 using sensor H104-C. REPS
pulse 177 generating 6.2 kV/m at

50 m.




600 PXe 448.183 Usm
302 F
Il
- A\ A P e PN
-
4
<
=330 v v
[ 40 82 i2e 160 200
1E~-9 S
620 PKe 428.384 Urm
300
@ AR —~
-300
-} -8 L

-4 -6
1E-6 S

Figure C-161. X component of the
electric field measured at location
0/92/1 using sensor E102-C. REPS
pulse 281 generating 6.1 kV/m at
50 m.
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Figure C-163. Z component of the
electric field measured at location
0/92/1 using sensor E102-C. REPS

pulse 284 generating 6 kV/m at

50 m.
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Figure C-162. Z component of the
electric field measured at location
0/92/1 using sensor E102-C. REPS
pulse 283 generating 6.2 kV/m at
50 m.
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Figure C-164. Y component of the
magnetic field measured at location
0/92/1 using sensor H104-C. REPS
pulse 279 generating 6.2 kV/m at

50 m.
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Figure C-165. Y component of the
magnetic field measured at location
0/92/1 using sensor H104-C. REPS
pulse 280 generating 6.3 kV/m at

50 m.
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Figure C-167. -Y component of the
electric field measured at location
0/25/2 using sensor E201-C. REPS
pulse 40 generating 6.1 kV/m at

50 m.
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Figure C-166. X component of the
electric field measured at location
0/25/2 using sensor E304-C. REPS
pulse 46 generating 6.1 kV/m at
50 m.
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Figure C-168. Z component of the
electric field measured at location
0/25/2 using sensor E201-C. REPS
pulse 43 generating 6.3 kV/m at
50 m.
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Figure C-169. Z component of the
electric field measured at location
0/25/2 using sensor E201-C. REPS
pulse 44 generating 6.2 kV/m at
50 m.
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Figure C-171. Y component of the
magnetic field measured at location
0/25/2 using sensor H104-C. REPS
pulse 8 generating 6.4 kV/m at

50 m.
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Figure C-170. X component of the
magnetic field measured at location
0/25/2 using sensor H104-C. REPS
pulse 7 generating 6.5 kV/m at

50 m.
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Figure C-172. Y component of the
magnetic field measured at location
0/25/2 using sensor H104-C. REPS
pulse 9 generating 6.3 kV/m at

50 m.
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Figure C-173. Z component of the
magnetic field measured at loca-
tion 0/25/2 using sensor H104-C.
REPS pulse 10 generating 6.3 kV/m
at 50 m.
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Figure C-175. X component of the

magnetic field measured at location
-25/25/2 using sensor H104-C. REPS
pulse 6 generating 6.9 kV/m at 50 m.
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Figure C-174. Z component of the
magnetic field measured at location
0/25/2 using sensor H104-C. REPS
pulse 11 generating 6.4 kV/m at

50 m.
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Figure C-176. Y component of the
magnetic field measured at location
-25/25/2 using sensor H104-C. REPS
pulse 2 generating 6.9 kV/m at

50 m.
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Figure C-177. Y component of the
magnetic field measured at location
-25/25/2 using sensor H104-C. REPS
pulse 3 generating 7 kV/m at 50 m.
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Figure C-179. X component of the
electric field measured at location
0/50/2 using sensor E201-C. REPS
pulse 39 generating 6.68 kV/m at
50 m.
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Figure C-178. Z component of the
magnetic field measured at location
—25/25/2 using sensor H104-C. REPS
pulse 45 generating 6.9 kV/m at

50 m.
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Figure C-180. -Y component of the
electric field measured at location
0/50/2 using sensor E201-C. REPS
pulse 36 generating 6.65 kV/m at
50 m. '
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Figure C-181. -Y component of the
electric field measured at location
0/50/2 using sensor E201-C. REPS
pulse 61 generating 6.1 kV/m at
50 m.
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Figure C-183. X component of the
magnetic field measured at location
0/50/2 using sensor H104-C. REPS
pulse 18 generating 6.4 kV/m at

50 m.
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Figure C-182. Z component of the
electric field measured at location
0/50/2 using sensor E201-C. REPS

pulse 56 generating 6 kV/m at

50 m.
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Figure C-184. Y component of the
magnetic field measured at location
0/50/2 using sensor H104-C. REPS
pulse 19 generating 6.3 kV/m at

50 m.
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Figure C-185. Y component of the
magnetic field measured at location
0/50/2 using sensor H104-C. REPS
pulse 20 generating 6.3 kV/m at

50 m.
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Figure C-187. X component of the
electric field measured at location
-25/50/2 using sensor E304-C. REPS
pulse 91 generating 6.3 kV/m at

50 m.
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Figure C-186. Z component of the
magnetic field measured at location
0/50/2 using sensor H104-C. REPS
pulse 21 generating 6.1 kV/m at

50 m.
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Figure C-188. ~Y component of the
electric field measured at location
~25/50/2 using sensor E304-C. REPS
pulse 87 generating 6.3 kV/m at

50 m.
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Figure C-189. Z component of the
electric field measured at location
~25/50/2 using sensor E304-C. REPS
pulse 88 generating 6.4 kV/m at

50 m.
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Figure C-191. X component of the
magnetic field measured at location
-25/50/2 using sensor H104-C. REPS
pulse 81 generating 6.3 kV/m at

50 m.
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Figure C-190. Z component of the
electric field measured at location
-25/50/2 using sensor E304-C. REPS
pulse 90 generating 6.2 kV/m at

50 m.
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Figure C-192. X component of the
magnetic field measured at location
-25/50/2 using sensor H104-C. REPS
pulse 82 generating 6.5 kV/m at

50 m.
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Figure C-193. Y component of the
magnetic field measured at location
~25/50/2 using sensor H104-C. REPS
pulse 79 generating 6.2 kV/m at

50 m.
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Figure C-195. Z component of the
magnetic field measured at location
-25/50/2 using sensor H104-C. REPS
pulse 78 generating 6.3 kV/m at

50 m.
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Figure C-194. Y component of the
magnetic field measured at location
-25/50/2 using sensor H104-C. REPS
pulse 80 generating 6.2 kV/m at

50 m.
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Figure C-196. X component of the
electric field measured at location
-50/50/2 using sensor E304-C. REPS
pulse 99 generating 6.4 kV/m at

50 m.
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Figure C-197. -Y component of the
electric field measured at location
-50/50/2 using sensor E304-C. REPS
pulse 96 generating 6.3 kV/m at

50 m.
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Figure C-199. Z component of the
electric field measured at location
~50/50/2 using sensor E304-C. REPS
pulse 98 generating 6.5 kV/m at

50 m.
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Figure C-198. Z component of the
electric field measured at location
-50/50/2 using sensor E304-C. REPS
pulse 97 generating 6.2 kV/m at

50 m.
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Figure C-200. X component of the
magnetic field measured at location
-50/50/2 using sensor H104-C. REPS
pulse 108 generating 6.2 kV/m at

S50 m.
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Figure C-201. X component of the
magnetic field measured at location
-50/50/2 using sensor H104-C. REPS
pulse 109 generating 6.3 kV/m at

50 m.
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Figure C-203. Y component of the
magnetic field measured at location
-50/50/2 using sensor H104-C. REPS
pulse 111 generating 6.3 kV/m at

50 m.
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Figure C-202. Y component of the
magnetic field measured at location
-50/50/2 using sensor H104-C. REPS
pulse 110 generating 6.5 kV/m at

50 m.
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Figure C-204 Z component of the
magnetic field measured at location
-50/50/2 using sensor H104-C. REPS
pulse 107 generating 6.3 kV/m at

50 m.
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Appendix C, Symmetry data
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Figure C-205. -X component of the
electric field measured at location

50/25/1 using sensor E304-C. REPS
pulse 361 generating 6 kV/m at

50 m.
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Figure C-207. -Y component of the
electric field measured at location
50/25/1 using sensor E304-C. REPS
pulse 365 generating 6.2 kV/m at

50 m.
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Figure C-206. -Y component of the
electric field measured at location
50/25/1 using sensor E304-C. REPS
pulse 364 generating 6.1 kV/m at
50 m.
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Figure C-208. Z component of the
electric field measured at location
50/25/1 using sensor E304-C. REPS
pulse 362 generating 6.3 kV/m at
50 m.
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Figure C-209. Z component of the

. electric field measured at location
50/25/1 using sensor E304-C. REPS
pulse 363 generating 5.9 kV/m at
50 m.
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Figure C-211. -X component of the
magnetic field measured at location
50/25/1 using sensor H104-C. REPS
pulse 367 generating 6.1 kV/m at

50 m.
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Figure C-210. -X component of the
magnetic field measured at location
50/25/1 using sensor H104-C. REPS
pulse 366 generating 6.2 kV/m at

50 m.
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Figure C-212. Y component of the
magnetic field measured at location
50/25/1 using sensor H104-C. REPS
pulse 370 generating 6.1 kV/m at

50 m.
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Figure C-213. Y component of the Figure C-214. Z component of the
magnetic field measured at location magnetic field measured at location
50/25/1 using sensor H104-C. REPS 50/25/1 using sensor H104-C. REPS
pulse 371 generating 6.1 kV/m at pulse 368 generating 6.1 kV/m at
50 m. 50 m.
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Figure C-215. Z component of the Figure C-216. -X component of the
magnetic field measured at location electric field measured at location
50/25/1 using sensor H104-C. REPS 25/50/1 using sensor E201-C. REPS
pulse 369 generating 6 kV/m at pulse 339 generating 6.3 kV/m at
50 m. 50 m.
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Figure C-217. -X component of the
electric field measured at location
25/50/1 using sensor E201-C. REPS
pulse 338 generating 6.1 kV/m at
50 m.
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Figure C-219. Z component of the
electric field measured at location
25/50/1 using sensor E201-C. REPS
pulse 335 generating 6 kV/m at

50 m.

Appendix C, Symmetry data

800 PK= 635.83  Usm

402

° 4 80 120 160 209

1E-9 S
32¢ PK» 6523.156 Urm
1
409
-400
] .2 o« -8 1

-6
1E-6 S

Figure C-218. -Y component of the
electric field measured at location
25/50/1 using sensor E201-C. REPS
pulse 337 generating 6.4 kV/m at
50 m,
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Figure C-220. Z component of the
electric field measured at location
25/50/1 using sensor E201-C. REPS
pulse 336 generating 6.3 kV/m at
50 m.
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Figure C-221. -X component of the
magnetic field measured at location
25/50/1 using sensor H104-C. REPS
pulse 331 generating 6.4 kV/m at

50 m.
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Figure C-223. Y component of the
magnetic field measured at location
25/50/1 using sensor H104-C. REPS
pulse 329 generating 6.3 kV/m at

50 m.
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Figure C-222. ~X component of the
magnetic field measured at location
25/50/1 using sensor H104-C. REPS
pulse 332 generating 6.2 kV/m at

50 m.
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Figure C-224. Y component of the
magnetic field measured at location
25/50/1 using sensor H104-C. REPS
pulse 330 generating 6.3 kV/m at

50 m.
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Figure C-225. Z component of the
magnetic field measured at location
25/50/1 using sensor H104-C. REPS
pulse 334 generating 6.2 kV/m at

50 m.
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Figure C-227.-Y component of the
electric field measured at location
50/50/1 using sensor E304-C. REPS
pulse 262 generating 6.1 kV/m at
50 m.
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Figure C-226. -X component of the
electric field measured at location
50/50/1 using sensor E304-C. REPS
pulse 263 generating 6.1 kV/m at
50 m.
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Figure C-228. Z component of the
electric field measured at location
50/50/1 using sensor E304-C. REPS
pulse 260 generating 6.1 kV/m at
50 m.
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Figure C-229. Z component of the

electric field measured at location
50/50/1 using sensor E304-C. REPS
pulse 261 generating 6 kV/m at

50 m.
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Figure C-231. X component of the
magnetic field measured at location
50/50/1 using sensor H104-C. REPS
pulse 255 generating 6 kV/m at

50 m.
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Figure C-230. X component of the
magnetic field measured at location
50/50/1 using sensor H104-C. REPS
pulse 254 generating 6.1 kV/m at

50 m.
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Figure C-232. Y component of the
magnetic field measured at location
50/50/1 using sensor H104-C. REPS
pulse 256 generating 6.3 kV/m at

50 m.
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Figure C-233. Y component of the
magnetic field measured at location
50/50/1 using sensor H104-C. REPS
pulse 257 generating 6 kV/m at

50 m.
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Figure C-235. -X component of the
electric field measured at location
25/0/1 using sensor E403-C. REPS
pulse 403 generating 6.2 kV/m at
50 m.
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Figure C-234. Z component of the
magnetic field measured at location
50/50/1 using sensor H104-C. REPS
pulse 259 generating 6.2 kV/m at

50 m.
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Figure C-236. -X component of the
electric field measured at location
25/0/1 using sensor E403-C. REPS
pulse 404 generating 6 kV/m at

50 m.,
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Figure C-237. -Y component of the
electric field measured at location
25/0/1 using sensor E403-C. REPS
pulse 407 generating 6.2 kV/m at
50 m.
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Figure C-239. Z component of the
electric field measured at location
25/0/1 using sensor E403-C. REPS
pulse 405 generating 6.3 kV/m at
50 m.
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Figure C-238. -Y component of the
electric field measured at location
25/0/1 using sensor E403-C. REPS
pulse 408 generating 6.3 kV/m at
50 m.
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Figure C-240. Z component of the
electric field measured at location
25/0/1 using sensor E403-C. REPS
pulse 406 generating 6.2 kV/m at
50 m.
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Figure C-241. -X component of the
magnetic field measured at location
25/0/1 using sensor H104-C. REPS
pulse 398 generating 6.2 kV/m at

50 m,
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Figure C-243. Y component of the
magnetic field measured at location
25/0/1 using sensor H104-C. REPS
pulse 401 generating 6.2 kV/m at

50 m.
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Figure C-242. -X component of the
magnetic field measured at location
25/0/1 using sensor H104-C. REPS
pulse 399 generating 6.2 kV/m at

50 m.
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Figure C-244. Y component of the
magnetic field measured at location
25/0/1 using sensor H104-C. REPS
pulse 402 generating 6.2 kV/m at

50 m.
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Figure C-245. Z component of the
magnetic field measured at location
25/0/1 using sensor H104-C. REPS
pulse 396 generating 6.2 kV/m at

50 m.
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Figure C-247.-X component of the
electric field measured at location
18/33/1 using sensor E304-C. REPS
pulse 357 generating 6.2 kV/m at
50 m.
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Figure C-246. Z component of the
magnetic field measured at location
25/0/1 using sensor H104-C. REPS
pulse 397 generating 6.2 kV/m at

50 m.
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Figure C-248. -Y component of the
electric field measured at location
18/33/1 using sensor E304-C. REPS
pulse 360 generating 6.2 kV/m at
50 m.
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Figure C-249. Z component of the
electric field measured at location
18/33/1 using sensor E304-C. REPS
pulse 358 generating 6.1 kV/m at
50 m.
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Figure C-251. X component of the
magnetic field measured at location
18/33/1 using sensor H104-C. REPS
pulse 353 generating 6.2 kV/m at

50 m.
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Figure C-250. Z component of the
electric field measured at location
18/33/1 using sensor E304-C. REPS
pulse 359 generating 6.1 kV/m at
50 m.
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Figure C-252. Y component of the
magnetic field measured at location
18/33/1 using sensor H104-C. REPS
pulse 355 generating 6.3 kV/m at

50 m.
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Figure C-253. Y component of the

magnetic field measured at location
18/33/1 using sensor H104-C. REPS

pulse 356 generating 6.3 kV/m at

50 m.
1 - PX=~1100.82  U/m
e < “\[pr\.—
-1 Y
-2 ] e — —t—r
) 40 8o 120 150
1€ 3 1E-S S
. PX~-S69.002  U/m
e ] o S
-2 4+~ ——r ,
@ .2 . .6 .2
1E-6 5

Figure C-255. -X component of the
electric field measured at location
35/35/1 using sensor E304-C. REPS
pulse 378 generating 6.3 kV/m at

50 m.
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Figure C-254. Z component of the
magnetic field measured at location
18/33/1 using sensor H104-C. REPS
pulse 354 generating 6.1 kV/m at

50 m.
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Figure C-256. -Y component of the
electric field measured at location
35/35/1 using sensor E304-C. REPS
pulse 385 generating 6.1 kV/m at
50 m.
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Figure C-257. -Y component of the
electric field measured at location
35/35/1 using sensor E304-C. REPS
pulse 384 generating 6.2 kV/m at
50 m.
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Figure C-259. Z component of the
electric field measured at location
35/35/1 using sensor E304-C. REPS
pulse 383 generating 6.2 kV/m at
50 m.
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Figure C-258. Z component of the
electric field measured at location
35/35/1 using sensor E304-C. REPS
pulse 380 generating 6.1 kV/m at
50 m.
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Figure C-260. -X component of the
magnetic field measured at location
35/35/1 using sensor H104-C. REPS
pulse 372 generating 6.3 kV/m at

50 m.
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Figure C-261. -X component of the
magnetic field measured at location
35/35/1 using sensor H104-C. REPS
pulse 373 generating 6.2 kV/m at

50 m.
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Figure C-263. Y component of the
magnetic field measured at location
35/35/1 using sensor H104-C. REPS
pulse 377 generating 6.2 kV/m at

50 m.
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Figure C-262. Y component of the
magnetic field measured at location
35/35/1 using sensor H104-C. REPS
pulse 276 generating 6.3 kV/m at

50 m.
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Figure C-264. Z component of the
magnetic field measured at location
35/35/1 using sensor H104-C. REPS
pulse 374 generating 6.2 kV/m at

50 m.
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Figure C-265. Z component of the
magnetic field measured at location
35/35/1 using sensor H104-C. REPS
pulse 375 generating 6 kV/m at

50 m.
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Figure C-267. Y component of the
electric field measured at location
0/-50/1 using sensor E304-C. REPS
pulse 273 generating 6.2 kV/m at
50 m.
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Figure C-266. X component of the
electric field measured at location
0/-50/1 using sensor E304-C. REPS
pulse 270 generating 6.3 kV/m at
50 m.
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Figure C-268. Z component of the
electric field measured at location
0/-50/1 using sensor E304-C. REPS
pulse 271 generating 6.3 kV/m at
50 m.
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Figure C-269. Z component of the

electric field measured at location
0/-50/1 using sensor E304-C. REPS
pulse 272 generating 6.2 kV/m at
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Figure C-270. X component of the
magnetic field measured at location
0/-50/1 using sensor H104-C. REPS
pulse 274 generating 6.4 kV/m at

50 m. 50 m.
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Figure C-271. X component of the
magnetic field measured at location
0/-50/1 using sensor H104-C. REPS
pulse 275 generating 6.3 kV/m at

50 m.
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Figure C-272. Y component of the
magnetic field measured at location
0/~50/1 using sensor H104-C. REPS
pulse 276 generating 6.3 kV/m at

50 m.
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Figure C-273. Y component of the
magnetic field measured at location
0/-50/1 using sensor H104-C. REPS
pulse 277 generating 6.2 kV/m at

50 m.
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Figure C-275. X component of the
electric field measured at location
0/-75/1 using sensor E304-C. REPS
pulse 387 generating 6.3 kV/m at
50 m.
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Figure C-274. Z component of the
magnetic field measured at location
0/-50/1 using sensor H104-C. REPS
pulse 278 generating 6.2 kV/m at

50 m.
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Figure C-276. Y component of the
electric field measured at location
0/-75/1 using sensor E304-C. REPS
pulse 390 generating 6.2 kV/m at
50 m.
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Figure C-277. Z component of the
electric field measured at location
0/~75/1 using sensor E304-C. REPS
pulse 388 generating 6.4 kV/m at
50 m.
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Figure C-279. -X component of the
magnetic field measured at location
0/-75/1 using sensor H104-C. REPS
pulse 392 generating 6.3 kV/m at

50 m.
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Figure C-278. Z component of the
electric field measured at location
0/-75/1 using sensor E304-C. REPS
pulse 389 generating 6.3 kV/m at
50 m.
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Figure C-280. -X component of the
magnetic field measured at location
0/-75/1 using sensor H104-C. REPS
pulse 393 generating 6.1 kV/m at

50 m.
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Figure C-281.-Y component of the
magnetic field measured at location
0/-75/1 using sensor H104-C. REPS
pulse 394 generating 6.3 kV/m at

50 m.
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Figure C-283. Z component of the
magnetic field measured at location
0/-75/1 using sensor H104-C. REPS
pulse 391 generating 6.1 kV/m at

50 m.
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Figure C-282. -Y component of the
magnetic field measured at location
0/-75/1 using sensor H104-C. REPS
pulse 395 generating 6.2 kV/m at

50 m.
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Figure C-284. X component of the
electric field measured at location
0/50/1 using sensor E304-C. REPS
pulse 47 generating 6.1 kV/m at
50 m.
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Figure C-286. T component of the
electric field measured at location
-19/46/1 using sensor E304-C. REPS
pulse 309 generating 6.2 kV/m at
50 m.
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Figure C-285. Y component of the
magnetic field measured at location
0/50/1 using sensor H104-C. REPS
pulse 13 generating 6.3 kV/m at

50 m.
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Figure C-287. R component of the
magnetic field measured at location
-19/46/1 using sensor H104-C. REPS
pulse 305 generating 6.1 kV/m at

50 m.
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Figure C-288. T component of the
electric field measured at location
-35/35/1 using sensor E304-C. REPS
pulse 293 generating 6.2 kV/m at
50 m.,
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Figure C-290. X component of the
electric field measured at location
-35/35/1 using sensor E304-C. REPS
pulse 287 generating 6.3 kV/m at

50 m.
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Figure C-289. R component of the
magnetic field measured at location
—35/35/1 using sensor H104-C. REPS
pulse 298 generating 6.4 kV/m at

50 m.
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Figure C-291. -Y component of the
electric field measured at location
-35/35/1 using sensor E304-C. REPS
pulse 292 generating 6.5 kV/m at

50 m.
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Figure C-292. Z component of the
electric field measured at location
-35/35/1 using sensor E304-C. REPS
pulse 288 generating 6.3 kV/m at

50 m.
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Figure C-294. X component of the
magnetic field measured at location
-35/35/1 using sensor H104-C. REPS
pulse 300 generating 6.2 kV/m at

50 m.
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Figure C-293. Z component of the
electric field measured at location
-35/35/1 using sensor E304-C. REPS
pulse 289 generating 6.3 kV/m at
50 m.
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Figure C-295. X component of the
magnetic field measured at location
-35/35/1 using sensor H104-C. REPS
pulse 301 generating 6.2 kV/m at

50 m.
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Figure C-296. Y component of the

magnetic field measured at location
—35/35/1 using sensor H104-C. REPS

pulse 303 generating 6.4 kV/m at

50 m.
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Figure C-298. Z component of the

magnetic field measured at location
-35/35/1 using sensor H104-C. REPS

pulse 302 generating 6.3 kV/m at

50 m.
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Figure C-297. Y component of the
magnetic field measured at location
-35/35/1 using sensor H104-C. REPS
pulse 304 generating 6.2 kV/m at
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Figure C-299. X component of the
electric field measured at location
0/85/1 using sensor E201-C. REPS
pulse 324 generating 6.1 kV/m at
50 m.
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Figure C-300. Y component of the
magnetic field measured at location
0/85/1 using sensor H104-C. REPS
pulse 326 generating 6.2 kV/m at

50 m.
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Figure C-302. R component of the
magnetic field measured at location
-33/79/1 using sensor H104-C. REPS
pulse 316 generating 6.1 kV/m at

50 m.
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Figure C-301. T component of the
electric field measured at location
-33/79/1 using sensor E304-C. REPS
pulse 314 generating 6.2 kV/m at

50 m.

600 PKe B47. 244 ‘u/m

-300

Figure C-303. T component of the
electric field measured at location
-60/60/1 using sensor E201-C. REPS
pulse 320 generating 6 kV/m at

50 m.
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Figure C-304. R component of the
magnetic field measured at location
—60/60/1 using sensor H104-C. REPS
pulse 318 generating 6.3 kV/m at

50 m.
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Figure C-306. Y component of the
magnetic field measured at location
0/50/2 using sensor H104-C. REPS
pulse 19 generating 6.3 kV/m at

50 m.
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Figure C-305. X component of the
electric field measured at location
0/50/2 using sensor E304-C. REPS
pulse 48 generating 6.2 kV/m at
50 m.
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Figure C-307. T component of the
electric field measured at location
-19/46/2 using sensor E304-C. REPS
pulse 313 generating 6.2 kV/m at
50 m.
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Figure C-308. R component of the
magnetic field measured at location
-19/46/2 using sensor H104-C. REPS
pulse 306 generating 6.2 kV/m at

50 m.
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Figure C-310. R component of the
magnetic field measured at location
~35/35/1 using sensor H104-C. REPS
pulse 299 generating 6.3 kV/m at

50 m.
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Figure C-309. T component of the
electric field measured at location
-35/35/1 using sensor E304-C. REPS
pulse 295 generating 6.3 kV/m at

50 m.
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Figure C-311. X component of the
electric field measured at location
0/85/2 using sensor E201-C. REPS
pulse 325 generating 6.3 kV/m at
50 m.
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Figure C-312. Y component of the
magnetic field measured at location
0/85/2 using sensor H104-C. REPS
pulse 328 generating 6.3 kV/m at

50 m.
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Figure C-314. R component of the
magnetic field measured at location
~33/79/2 using sensor H104-C. REPS
pulse 317 generating 6.2 kV/m at

50 m.
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Figure C-313. T component of the
electric field measured at location
-33/79/2 using sensor E304-C. REPS
pulse 315 generating 6.1 kV/m at
50 m.
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Figure C-315. T component of the
electric field measured at location
~60/60/2 using sensor E201-C. REPS
pulse 322 generating 6.2 kV/m at

50 m.
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Figure C-316. R component of the
magnetic field measured at location
-60/60/2 using sensor H104-C. REPS
pulse 319 generating 6.2 kV/m at
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Each time REPS is fired, the incident B-dot is recorded to monitor
the performance of the simulator, as well as account for any shot-to-
shot pulse variations. This appendix contains all of the pulser moni-
tor waveforms (fig. D-1 through D-78) corresponding to the field
data listed in appendix C. Table D-1 contains the simulator operat-
ing parameters (gas pressures, charge voltages) for each pulse.

The data are organized sequentially by pulse number.

Table D-1. REPS

! Gas pressure (ppi)
operating parameters. Charge Marx Output Marx  Peaking Trigger
Pulse voltage switch switch  vessel capacitor switch
number kV) (N,) (SFy) (SFy) (SFy) (N5)

1-69 68 17 30 1.5 38 32

70-159 68 17 30 1.6 38 32

160-284 68 17 30 15 38 32

285-306 68 17 30 1.6 38 32

307-408 68 17 30 15 38 32
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Figure D-1. REPS
output waveforms for
pulses 2, 3, 4, and 6.

Figure D-2. REPS
output waveforms for
pulses 7, 8,9, and 10.
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Figure D-3. REPS
output waveforms
for pulses 11, 13, 14,
and 15.

Figure D-4. REPS
output waveforms
for pulses 16, 17, 18,
and 19.
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Figure D-5. REPS
output waveforms
for pulses 20, 21, 36,
and 38.

Figure D-6. REPS
output waveforms
for pulses 39, 40, 43,
and 44.
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Figure D-9. REPS
output waveforms
for pulses 56, 58, 61,
and 73.

Figure D-10. REPS
output waveforms
for pulses 74, 75, 76,
and 77.
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Figure D-11. REPS
output waveforms 400
for pulses 78, 79, 80,

and 81. see
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Figure D-12. REPS 1E=3

output waveforms soe

for pulses 82, 83, 84,

and 85. 300
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Appendix D

Figure D-13. REPS
output waveforms
for pulses 86, 87, 88,
and 90.

Figure D-14. REPS
output waveforms
for pulses 91, 92, 93,
and 94.
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Figure D-15. REPS
output waveforms
for pulses 95, 96, 97,
and 98.

Figure D-16. REPS
output waveforms
for pulses 99, 101,
103, and 104.
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Appendix D

Figure D-17. REPS
output waveforms
for pulses 105, 106,
107, and 108.

Figure D-18. REPS
output waveforms
for pulses 109, 110,
111, and 112.
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Figure D-19. REPS
output waveforms
for pulses 113, 114,
115, and 116.

40

0
et
(o

bed

1E-3
4o

200

109

1E-3

Elolt]

Figure D-20. REPS
output waveforms
for pulses 117, 118,
119, and 120.
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Appendix D

Figure D-21. REPS
output waveforms
for pulses 121, 122,
123, and 124.

Figure D-22. REPS
output waveforms
for pulses 126, 127,
128, and 129.
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iE=3

40Q

Figure D-23. REPS
output waveforms
for pulses 130, 131,
133, and 135.
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Figure D-24. REPS
output waveforms
for pulses 136,137,
138, and 140.
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Appendix D

Figure D-25. REPS
output waveforms
for pulses 141, 142,
143, and 144.

Figure D-26. REPS
output waveforms
for pulses 145, 146,
147, and 148.
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Figure D-28. REPS
output waveforms
for pulses 155, 156,
158, and 159.

Figure D-27. REPS
output waveforms
for pulses 149, 150,
151, and 152.
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Appendix D

Figure D-29. REPS
output waveforms
for pulses 161, 162,
163, and 164.

Figure D-30. REPS
output waveforms
for pulses 165, 167,
168, and 169.
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Figure D-31. REPS 15-3

output waveforms ace

for pulses 171, 173,

174, and 175. 320
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Figure D-32. REPS 1E=3
output waveforms @
for pulses 176,177,
178, and 179. 90
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Appendix D

Figure D-33. REPS
output waveforms
for pulses 180, 181,
182, and 183.

Figure D-34. REPS
output waveforms
for pulses 184, 185,
192, and 194.
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Figure D-35. REPS 1E-3

output waveforms 400

for pulses 195, 196,

197, and 198. z00
a0
1

e

1E-3
400

309
2ee

100

Figure D-36. REPS
output waveforms
for pulses 199, 200,
201, and 202.
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Appendix D

Figure D-37. REPS
output waveforms
for pulses 203, 204,
205, and 206.

Figure D-38. REPS
output waveforms
for pulses 208, 209,
210, and 212.
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Figure D-39. REPS
output waveforms
for pulses 213, 214,
215, and 216.

Figure D-40. REPS
output waveforms
for pulses 217, 221,
222, and 223.
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Appendix D

Figure D-41. REPS
output waveforms
for pulses 224, 225,
226, and 227.

Figure D-42. REPS
output waveforms
for pulses 228, 230,
231, and 232.
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Figure D-43. REPS
output waveforms
for pulses 233, 234,
235, and 236.

Figure D-44. REPS
output waveforms
for pulses 237, 238,
239, and 240.
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Appendix D

Figure D-45. REPS
output waveforms
for pulses 241, 243,
244, and 245.

Figure D-46. REPS
output waveforms
for pulses 246, 247,
248, and 249.
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Figure D-47. REPS
output waveforms
for pulses 254, 255,
256, and 257.

Figure D-48. REPS '
output waveforms
for pulses 259, 260,
261, and 262.
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Appendix D

Figure D-49. REPS
output waveforms
for pulses 263, 264,
265, and 266.

Figure D-50. REPS
output waveforms
for pulses 267, 270,
271, and 272.
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Figure D-51. REPS 1E-2
output waveforms for <ce
pulses 273, 274, 275,
and 276.
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output waveforms for 4%
pulses 277, 278, 279,
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Appendix D

Figure D-53. REPS
output waveforms for
pulses 281, 283, 284,
and 287.

Figure D-54. REPS
output waveforms for
pulses 288, 289, 292,
and 293.
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Appendix D

Figure D-57. REPS
output waveforms for
pulses 305, 306, 309,
and 313.

Figure D-58. REPS
output waveforms for
pulses 314, 315, 316,
and 317.
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Figure D-59. REPS
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Appendix D

Figure D-61. REPS
output waveforms
for pulses 329, 330,
331, and 332.

Figure D-62. REPS
output waveforms
for pulses 334, 335,
336, and 337.
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Figure D-63. REPS ‘R N

output waveforms Ve -
for pulses 338, 339,
340, and 341. e
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Figure D-65. REPS
output waveforms
for pulses 346, 347,
350, and 351.

Figure D-66. REPS
output waveforms
for pulses 353, 354,
355, and 356.
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Figure D-67. REPS 1E-3

output waveforms
for pulses 357, 358,
359, and 360.
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Figure D-68. REPS i3
output waveforms
for pulses 361, 362,
363, and 364.
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Figure D-71. REPS -3

output waveforms “ce
for pulses 373, 374,
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Figure D-73. REPS
output waveforms
for pulses 384, 385,
387, and 388.

Figure D-74. REPS
output waveforms
for pulses 389, 390,
391, and 392.
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Figure D-75. REPS
output waveforms
for pulses 393, 394,
395, and 396.

Figure D-76. REPS
output waveforms
for pulses 397, 398,
399, and 401.
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Appendix D

Figure D-77. REPS
output waveforms
for pulses 402, 403,
404, and 405.

Figure D-78. REPS
output waveforms
for pulses 406, 407,
and 408.
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